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Abstract
Across the nation, mathematics teachers are struggling to help their students meet the
demands of high stakes testing while adhering to state standards for content and teaching and
dealing with the time constraints imposed by school activities, paperwork, and testing schedules.
Classroom mathematical discourse is touted as a central element of a quality mathematics
learning environment. Nevertheless, many teachers struggle to implement mathematical
discourse effectively. This dissertation aims to explore the use of textbooks as tools to support
teachers in the planning and facilitation of mathematical classroom discourse.
In this study, I employed a mixed-methods design to investigate (1) how the language
and structure of two standards-based remedial Algebra 1 textbooks present opportunity for the
sharing of mathematical understanding through discourse, and (2) how two remedial Algebra 1
teachers used those textbooks in the planning and facilitation of their classroom discourse. Data
from textbook language analyses, classroom observations, and semi-structured teacher
interviews were collected and analyzed through the lens of Cultural-historical Activity Theory
(CHAT). The findings revealed three major conflicts that impact the effective use of textbooks as
a tool for planning and facilitating mathematical discourse: (1) a conflict between the role of the
teacher as a facilitator of classroom discourse and as a facilitator of a predetermined curriculum,
(2) a conflict between the role of the teacher as a facilitator of classroom discourse to coconstruct knowledge and the perceived ability of their remedial students, and (3) a conflict
between the language of the textbooks and the reform-based standards definition of mathematical
discourse. This study’s results indicate a need for curriculum developers dedicated to standards-

vii

based ideologies to consider language choice with more awareness. They also call for
professional development writers and teacher preparation programs to provide explicit and
intentional instruction on how to use readily available resources, such as textbooks, to plan and
facilitate the type of discourse described by standards-based reforms.

viii

Chapter 1: Introduction
Statement of the Problem
Classroom experience has a high impact on student learning and achievement (Fraser,
2012). Over the past 20 years, discourse, defined as engagement in verbal discussions that allow
students to communicate understanding of and deepen thinking about mathematical concepts by
comparing and contrasting ideas and methods, constructing viable arguments, and critiquing
each other’s reasoning (Ballard, 2017; Hattie, Fisher, & Frey, 2017; National Council of
Teachers of Mathematics (NCTM), 2000), as a central feature of both the classroom experience
and of successful mathematics teaching has become the focus of a growing body of literature
(Silver, 2009). Standards-based mathematics education reforms aimed at enhancing the
experiences of both teachers and students tout discussion as a central element of a quality
classroom learning environment (National Council of Teachers of Mathematics (NCTM), 2000;
Common Core State Standards Initiative (CCSSI), 2010). The third mathematical practice in the
Common Core State Standards for Mathematics (CCSSI, 2010) expounds the need for students
to “justify their conclusions, communicate to others, and respond to the arguments of others”
(Koestler, Felton, Bieda, & Otten, 2013, p. 29). Additionally, the facilitation of classroom
discourse is a criterion by which classroom teachers are evaluated (Marzano & Toth, 2013;
Danielson & McGreal, 2000). In other words, the use of classroom discourse to enhance and
deepen the teaching and learning of mathematical concepts should be an integral element of the
daily student-centered classroom experience.
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A classroom community in which students are engaged in rich discourse that leads to the
construction of knowledge and a deeper understanding of content through social interaction can
improve student interest and learning motivation (Kiemer et al., 2015). Since interest and
motivation lead to increased student engagement (Shernoff et al., 2014) – a strong indicator of
student achievement (Reyes et al., 2012) - the lack of one or both can have a profound effect on a
student’s academic success, especially at the high school level. As a result, strategies that
promote interest and motivation, especially in science, technology, engineering, and mathematics
(STEM) subjects, become even more critical at the secondary level, when interest in these areas
decreases significantly (Kiemer et al., 2015). State and national reports continue to show that
math skills decline as student grade-level increases. For example, in 2015, 33% of eighth -grade
students in the United States scored at or above National Assessment of Education Progress
(NAEP) mathematics achievement levels. By grade twelve, only 25% scored at or above
proficiency (U.S Department of Education, 2016). The Trends in International Mathematics and
Science Study (TIMSS) reported similar data. In 2015, the average mathematics score of eighthgrade students in the United States was 518 while the average mathematics score at the end of
high school was 485 (Stephens et al., 2016). Reports such as these indicate a need for attention to
the state of mathematics education for students between grades eight and twelve.
Even with these statistics and the research that indicates a marked decrease in
mathematical motivation at the high school level, my recent search for studies related to
mathematical discourse revealed that the majority of the studies regarding mathematical
classroom discourse have been performed in elementary and middle school settings. As a result,
there is a need for research directed at exploring ways to increase student engagement at the high
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school level, including strategies for effective use of classroom discourse as a daily learning
strategy.
Despite its positive impact on student learning, the successful planning and orchestration
of classroom discourse to maintain appropriate levels of discourse and to meet mathematical
goals is a complex process that can be daunting to teachers (Stein et al., 2015; Stein & Smith,
2018; Herbel-Eisenmann, 2009). Educators must possess not only strong content and
pedagogical knowledge but also the skill and experience in facilitating purposeful discussions to
enhance student understanding. They must be able to help students refine their explanations and
adequately express their thoughts and ideas while adhering to the mathematical goals of the
lesson. Consequently, the facilitation of effective and meaningful classroom discourse requires
substantial teaching skill (Boerst et al., 2011).
To become effective facilitators of mathematical discourse, teachers must understand and
orchestrate the ways they and their students interact during discussions. This interaction includes
who talks to whom, when, and in what ways (Frisby & Martin, 2010; Stein & Smith, 2018).
Much of the extant literature and teacher professional development related to mathematical
discourse seeks to define this process of discourse and to provide a glimpse into what it might
look like within the mathematics classroom (Herbel-Eisenmann et al., 2013; Jacobs & Spangler,
2017; Smith & Stein, 2018). Despite the availability of resources to assist with these processes,
teachers continue to find themselves struggling to meet the reform-based standards for classroom
discourse (Grant et al., 2009; Jacobs & Spangler, 2017). This struggle is often borne of the
tensions that arise when attempting to balance the process of discourse with the mathematical
content (Baxter & Williams, 2010; Nathan & Knuth, 2003). In other words, teachers find
difficulty in orchestrating the discourse moves required for productive conversations while
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meeting the goals of an ever-increasing body of mathematical content within the time constraints
of an academic school year. Some scholars have addressed this divide between process and
content. However, there remains a need to explore additional resources that can support teachers
in their quest to facilitate discourse that deepens mathematical understanding by alleviating the
tensions that exist between process and content (Sherin, 2002).
Another critical component of the classroom experience is the connection between
written (including textbooks) and enacted (including classroom discourse) curriculum (Bosen et
al., 2014; Remillard & Herbel-Eisenmann, 2011). Mathematics is a subject that has historically
been driven by the textbook (Remillard, Herbel-Eisenmann, & Lloyd 2011). In a study
conducted by Chval, Chavez, Reys & Tarr (2009), 81 percent of teachers used textbooks
regularly as a primary resource used to teach mathematics. Because of their accessibility and
broad use in education, textbooks can profoundly influence classroom teaching and can have
significant effects on student achievement. The pivotal role that textbooks hold in the planning
and execution of daily lessons (McClain et al., 2012; Rezat, 2011) marks them as potential tools
for initiating and supporting mathematics discussions that promote a deeper understanding of the
mathematical content.
In 1989, the National Council of Teachers of Mathematics (NCTM) published the
Curriculum and Evaluation Standards for School Mathematics. These standards were developed
in response to poor performance on the National Assessment of Educational Progress (NAEP)
tests, a decline in SAT scores, increased enrollment in remedial math classes, and the 1983
publication of A Nation at Risk (National Commission on Excellence in Education) which called
for increased requirements for high school graduates. With the publication of the Standards
document, however, came controversy. This controversy was further exasperated by the adoption
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of the CCCS and similarly constructed individual state standards (such as the Mathematics
Florida Standards – MAFS). These reforms were a stark departure from traditional mathematics
teaching and learning. Following a constructivist approach (Vygotsky, Piaget, Dewey, Bruner),
the Standards are based on the philosophy that learning is an active, constructive process and
that people actively create their subjective representations of knowledge and reality. As a result,
they called for an abandonment of the rote memorization and drilling that is the basis of
traditionalist approaches in favor of a focus on concepts and reasoning. The Curriculum and
Evaluation Standards for School Mathematics (NCTM, 1989) which forms the basis of most
standards-based mathematical reforms recommends that goals for school mathematics education
need to include (1) learning mathematical values, (2) increasing student confidence in
mathematical proficiency, (3) lead students to become problem solvers, (4) help students learn to
communicate mathematically, and (5) support students in learning to reason mathematically.
Those opposed to the standards-based approach claim that an overemphasis on the process of
obtaining an answer rather than on the answer itself will lower mathematics achievement. They
speculate that a focus on the process of solving a problem will encourage students to invent
solutions rather than use traditional algorithms which, in turn, will lead to a decline in basic math
skills (Schoenfeld, 2004).
Some studies have begun to explore the relationship between textbooks and mathematical
classroom discourse, focusing on the constructs of inclusivity, power, and language (HerbelEisenmann, 2007; Herbel-Eisenmann & Otten, 2011; Herbel-Eisenmann & Wagner, 2007). Each
of these constructs represents the ways that text positions students and describe the intentions of
the text to promote the use of classroom discourse as a learning tool. To provide depth to the
literature on mathematical classroom discourse, researchers must expand current work to include
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both the intentions of the textbook developers regarding discourse and how teachers use them as
a tool to facilitate discourse. In other words, research is needed to explore the relationship
between the written (intended) curriculum and the enacted curriculum as related to mathematical
discourse.
Purpose of the Study & Research Questions
The purpose of this study is to explore the use of two standards-based remedial Algebra 1
textbooks as tools to support teachers in the planning and facilitation of mathematical classroom
discourse. Here, in keeping with the purpose of this study and its intended audience,
mathematical discourse is defined as dialogical discourse wherein students engage in verbal
discussions about math that requires them to vocalize their understanding of concepts through
the interchange of ideas and reasoning with their teachers and peers. Because this definition is
grounded in two-way communication, the terms discussion and conversation may be used
synonymously with the term discourse. Using a convergent mixed-methods approach (Creswell
& Clark, 2011), quantitative data regarding the language, structure, and voice of each textbook
and qualitative data describing teacher use of the textbooks in the planning and execution of
classroom discourse were collected and analyzed. The following questions guided the research:
1. In what ways do the language and structure of two standards-based remedial Algebra
1 textbooks present opportunity for the sharing of mathematical understanding
through classroom discourse?
2. How is a standards-based textbook used by two remedial Algebra 1 teachers in the
planning and execution of mathematical discourse related to daily lesson objectives?
The study was situated within two remedial Algebra 1 classrooms located in two different
high schools from the third largest school district in the state of Florida (Niche, 2019). Here,
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remedial Algebra 1 refers to a course designed to provide struggling mathematics learners with
the support needed to overcome previous deficits in mathematics skills while advancing the
acquisition of new, required Algebra 1 skills. They are often conducted at reduced pacing
compared to regular and honors/advanced placement (AP) courses.
Theoretical Considerations
Since the publication of Curriculum and Evaluation Standards for School
Mathematics (NCTM, 1989), the field of mathematics education has placed an increased
emphasis on teaching and learning that requires students to construct mathematical knowledge
rather than to “absorb” it through transmission from teacher to student (Forman, 2013; NCTM,
2014). Many educators and researchers have addressed these recommendations by focusing on
the content changes that help guide students to construct knowledge rather than the changes in
instructional practices recommended by these reforms. In contrast, the focus of this study is to
explore how textbooks, which have been traditionally viewed as content-based guides, can be
used as tools for supporting a reform-based instructional practice (mathematical discourse). To
that end, I have situated this inquiry within two major theories: systemic functional linguistics
(SFL) and cultural historical activity theory (CHAT).
Michael Halliday’s theory of systemic functional linguistics (SFL) (Halliday, 1978) is
based on the assertion that “context influences language choice, and language choice helps to
construct context” (Herbel-Eisenmann & Otten, 2011, p.452). This theory implies that the choice
of language used to convey mathematical meaning will impact the mathematical knowledge
students construct and the way they convey that knowledge (Lemke, 1990). It is through the lens
of SFL that the thematic pattern analysis (Lemke, 1990) used to identify the language in which
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the textbook was written and how that language might influence how classroom discourse was
conducted.
To more accurately capture the complexities involved in generating meaningful
mathematical discourse, I have approached this study through the lens of CHAT. Grounded in
Vygotsky’s (1978) sociocultural theory, CHAT provides a holistic framework that focuses on the
dynamic relationships between subject, object, means of production, division of labor,
community, and rules (Yagmagata-Lynch, 2010). It centers on three core ideas: (1) humans act
collectively, learn by doing, and communicate in and via their actions, (2) humans make,
employ, and adapt tools of all kinds to learn and communicate; and (3) community is central to
the process of making and interpreting meaning – including all forms of learning
communicating, and acting (Foot, 2014; Vygotsky, 1987). Engström (1987) expanded
Vygotsky’s theory by taking into account inter-relationships between the individual and the
community, history, context, and interaction of the situation and activity. In doing this, Engström
expanded Vygotsky’s mediational triangle (subject, mediating artifact, and object) to include the
community, social rules, instruments, and the division of labor which mediate the achievement of
the object and the final outcome. These relationships, as they apply to the current study, are
represented by the activity triangle shown in Figure 1.
The use of meaningful classroom discourse around mathematical topics allows students
to develop a deeper understanding of concepts through the social interaction of sharing and
discussion. The connection of this discourse to the textbook acknowledges the contribution of
language, symbols, writing, drawings, and symbols to the construction of knowledge,
understanding, and discourse. The incorporation of teacher interviews and classroom
observations allowed analysis of the first two themes by observing them as they emerge.
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Tools/Mediating Artifacts
Textbooks

Transformation

Objective
Planning
Mathematical
Discourse

Subject
Teachers

Rules
Discourse Standards,Education
standards, Curriculum
requirements

Community
Remedial Algebra 1
Classrooms

Outcome
Facilitating
Mathematical
Discourse

Division of Labor
Teacher as Planner, Teacher
as Facilitator, Students as
members of a discourse
community

Figure 1. CHAT Activity Triangle Representing the Current Study (adapted from Engeström,
1999).

Operational Definition of Mathematical Discourse.
The term mathematical discourse subscribes to a myriad of definitions depending on the
context in which the literature is placed. Despite a large number of informative research studies
that have identified features of mathematical discourse that may contribute to the learning of
mathematics at all levels, the ambiguity and diverse interpretations of what constitutes discourse
can make navigating that research challenging and cumbersome, especially for teachers. It is
therefore critical to any discussion regarding this topic that a clear definition is provided.
In its earliest forms, the term mathematical discourse was described as the set of
meanings that belong to the language of mathematics with specific emphasis on the meanings,
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styles, and modes of argument (Halliday, 1978). This theory of systemic functional linguistics
(SFL) relates context and language use. In other words, “context influences language choice, and
language choice helps to construct context,” (Herbel-Eisenmann & Otten, 2011). The impetus
for these definitions lies in the belief that the learning of mathematics involves a shift from the
use of everyday language to a mathematical language that deepens conceptual understanding
(Gronewold, 2009). Lemke (1990) argued that to become an expert in any complex discipline,
including mathematics, particular words must be used to construe appropriate mathematical
meaning. The theory of SFL and other similar definitions have and continue to be used as the
foundation upon which many frameworks for analyzing mathematical discourse are based. By
identifying not only the type and context of the language used in a mathematics classroom but
also who is using what type of language and when within the mathematics learning environment,
discourse analysis based on these types of definitions is particularly useful in examining the
power structures that exist within the learning environment (Fairclough, 2003). The
identification and correction of these often overlooked and underestimated power structures can
play a valuable role in improving the ways in which students construct mathematical meaning
which may, in turn, deepen mathematical understanding. What this type of definition lacks,
however, is the insight into the cultural, societal, and experiential factors that also heavily
influence the ways in which we learn and process mathematical meaning (Moschkovich, 2012).
More recently, the syntactical and grammatical definitions of mathematical discourses
have been expanded to include more operational definitions that attempt to include these
extraneous factors. For example, Herbel-Eisenmann, Meaney, Bishop Pearson, & HeydMetzuyanim (2017) describe mathematical discourse as not only ways of talking, acting,
interacting, thinking, reading, and writing, but also mathematical values and beliefs. Principles
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to Actions (Leinwand, 2014, p.29) defines mathematical discourse as “the purposeful exchange
of ideas through classroom discussion, as well as through other forms of verbal, visual, and
written communication.” Others describe it as a complex phenomenon that includes not only
talking, acting, interacting, thinking, reading, and writing about mathematics but also
mathematical values, beliefs, ideas, and points of view (Moschkovich, 2003; NCTM, 2000;
Sfard, 2000).
Although these definitions capture the complex nature of mathematics discourse, they
include so many different elements of classroom teaching and learning that understanding the
focus of the term within a specific context can be problematic (Sfard, 2000). As a result, what we
as researchers and educators are often left with are definitions of mathematical discourse that are
either too narrow or too broad for general use. It is therefore imperative that before embarking on
any discussion related to mathematical discourse, an operational definition that forms the basis of
that discussion be defined. Wertsch (1991) defines two separate functions of discourse: univocal
and dialogical (as cited in Knuth & Peressini, 2001). Univocal discourse describes
communication in which the listener receives specific information from the speaker, whereas
dialogical discourse is a two-way communication in which two or more participants act as both
speaker and listener to develop meaning (Wertsch, 1991). Here, in keeping with the purpose of
this study and its intended audience, mathematical discourse is defined as dialogical discourse
wherein students engage in verbal discussions about math that requires them to vocalize their
understanding of concepts through the interchange of ideas and reasoning with their teachers and
peers. Because this definition is grounded in two-way communication, the terms discussion and
conversation may be used synonymously with the term discourse.
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Significance of the Study
Significant changes in the nature of contemporary society and the workplace have led to
shifts in the skills and abilities required by high school graduates for high-wage jobs. Among
other skills, these include the ability to solve semi-structured problems where hypotheses must
be formed and tested, the ability to work in groups with persons of various backgrounds, and the
ability to communicate effectively, both orally and in writing (Rotherham & Willingham, 2010).
These skills, all of which involve the ability to communicate thoughts, ideas, and knowledge
support the increased emphasis on using classroom discourse as a vital learning and teaching
strategy. With such significant societal implications for the development of communication
skills, educators must arm themselves with a vast array of strategies that enhance the teaching of
discourse skills through classroom practice. The results of this study can provide teachers with
critical information to assist them in orchestrating classroom experiences designed to enhance
students’ ability to communicate ideas and understanding effectively.
Algebra 1 is a fundamental component of the current mathematics standards-based
reform movements including standards set forth by NCTM (2000) and CCSI (2010). At least 30
states including the District of Columbia require successful completion of both an Algebra 1
course and an Algebra 1 end-of-course (EOC) state assessment (Center for Public Education,
2013). The depth of knowledge and mathematical understanding obtained in Algebra 1 has been
shown to have an impact on both the success achieved in subsequent mathematics courses and
the number of advanced mathematics course in which students enroll (Spielhagen, 2006). With
an increasing number of students taking Algebra 1 in their eighth-grade year, students who have
not passed Algebra 1 by the end of their eighth-grade year are considered to be one to two years
(depending on their standardized test results) behind grade level. In 2017-2018, 54% of Florida
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high school freshman taking the Algebra 1 EOC assessment for the first time, failed to meet
minimum passing requirements (Florida Department of Education, 2018). Other states report
similar statistics. For example, in 2016-2017, approximately 63% of New Jersey’s students failed
to meet minimum passing requirements (Level 4 or above) for Algebra 1 on the Partnership for
Assessment of Readiness for College and Careers (PARCC) assessment (State of New Jersey
Department of Education, 2017). In Colorado, 67.3% of Algebra 1 students failed to meet
Algebra 1 requirements during the 2016-2017 school year (Colorado Department of Education,
2017). With so many high school students struggling to meet the minimum algebra skills
required to meet graduation requirements and enroll in higher-level mathematics, educational
research focused on exploring ways to improve the teaching and learning of Algebra 1 is
imperative. Because they enter high school with skills one or more years below grade level
(Agile Mind, 2018), remedial algebra 1 students often face the most difficult challenges in
obtaining the knowledge and skills to attain their mathematical goals and are at the greatest risk
of failure. Situating this study within remedial Algebra 1 classrooms may also serve to provide
educators with valuable information that will assist them in making choices that best support the
needs of this at-risk group of students.
Based on the documented importance of both textbooks and discourse to the teaching and
learning process, understanding how textbooks can promote or hinder meaningful mathematics
discourse can provide valuable insight for curriculum developers, mathematics education leaders,
and textbook developers. It is the primary responsibility of the individuals in each of these
critical roles to provide meaningful and practical support to teachers as they work to support
their students in achieving their mathematical goals. Through exploration and identification of
the ways in which textbooks can support or hinder the learning of mathematical concepts, this
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investigation can provide information to assist these stakeholders in writing, selecting, and
advocating for the resources that best meet the needs of both teachers and students.
The aggregate consideration of textbook language, classroom enactment of discourse
using the textbook as a resource, and teacher insight into how the textbook is used in the
planning of classroom discourse employed in this investigation adds dimension to the existing
body of scholarly knowledge related to the facilitation of mathematical discourse used to
enhance the learning of critical Algebra 1 skills.
Investigator’s Interest in the Study
My interest in this study stems from my experience as a mathematics educator and
instructional coach. As a high school mathematics teacher, I have found the use of meaningful
mathematics discourse to be a valuable tool in promoting a deeper understanding of
mathematical concepts, especially with my remedial Algebra 1 students. As an instructional
coach, however, I have discovered that the many challenges associated with the facilitation of
productive discourse lead many mathematics teachers to forgo this strategy in favor of methods
in which the teacher initiates a question, the students respond, and the teacher then evaluates
their response. I have found this Initiate- Respond – Evaluate (IRE) (Mehan, 1979) method of
teaching mathematics to be particularly common with students that struggle mathematically. My
personal use of discourse strategies with this group of students, however, resulted in a marked
increase in their standardized test results.
Throughout my years of teaching remedial Algebra 1 students, I have been required to
use both traditional and standards-based textbooks. I experienced a marked difference in the
ways I was able to use each to help in the planning and facilitation of my daily discussions. I
found traditional textbooks to be not only unhelpful but also a hindrance to the facilitation of the
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meaningful conversations that I was attempting to orchestrate. The procedural, step-by-step
repetition of algorithms that formed the basis of most of the examples and practice provided by
traditional texts seemed to lead students to respond to my questioning by regurgitating the rote
information they were interacting within their textbooks. Additionally, I spent countless hours
searching for additional resources that provided the open-ended, collaborative tasks that were
conducive to more meaningful discourse and that provided prompts that might be used to spark
the peer-to-peer discussions and debates that I wanted to be the hallmark of my classroom
environment. Despite my belief that consistent classroom discourse would help my students
deepen their mathematical understanding and despite the existing research that supported that
belief, I often found myself reverting to traditional IRE methods to be able to balance the time
needed to plan lessons, grade papers, communicate with parents, and complete the many other
duties required of me as a teacher.
Through the adoption of a new, experimental curriculum by my school district in 2010, I
was introduced to a standards-based curriculum that advocated exploration rather than
explanation. The materials provided very few examples and very few rote procedures. Students
were introduced to mathematical concepts through relatable, real-world problems and were
guided to solutions through a series of questions that they were asked to complete first
individually and then share with their peers. The instructor’s materials provided sample prompts
designed to assist teachers in extending those initial conversations when needed. Although my
students were initially skeptical and were hesitant to participate in these conversations, they
quickly acclimated and became willing and active participants. Visitors to my classroom
believed my students to be advanced students based on the rich mathematical conversations that
were occurring. The time I needed to invest in daily lesson planning was reduced since I no
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longer needed to find outside resources to support the way my students learned. Based on
standardized test results, 90% of my students increased their math scores by one to three
achievement levels
The primary impetus for my desire to engage in this study is to expand the current body
of knowledge related to the facilitation of meaningful mathematics discourse, especially within
remedial classrooms. It is my goal to provide teachers with the means and incentive to utilize
mathematical discourse as a tool to deepen student understanding of mathematical concepts and
to support students in not only attaining their mathematical goals throughout their education but
also in acquiring the valuable skills needed to achieve their goals beyond schooling.
In the spring of 2017, I engaged in a directed research project for which I conducted an
informal pilot study using the framework of Herbel-Eisenmann (2007) to analyze the voice of a
chapter on Linear Equations included in the standards-based text used in my Remedial Algebra 1
classes. The purpose of the analysis was to determine the effectiveness of the framework for my
research purposes.
The analysis followed the framework as designed and implemented by Herbel-Eisenmann
(2007) for analyzing textbook voice. I converted the digital version of a chapter in the AgileMind
Intensified Algebra I textbook to a Microsoft Word document and identified the total word count
in the chapter. I then conducted both a manual and digital search of a single chapter recording the
number and context of each occurrence of the following:
•

Imperatives

•

Questions

•

Pronouns (with particular emphasis on you pronouns)

•

Modal verbs
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•

Hedged verbs

•

Common actions, types of reasoning, and academic behaviors that appear
throughout the text.

Results showed that out of 9, 723 words in the unit, 405 words were imperatives and 170
were questions. Of the 405 imperatives, 320 words were exclusive (promoted individual thought
process) and 85 words were inclusive (promoted the sharing of thoughts and ideas). There were
11 occurrences of first-person pronouns (nine occurrences of the word “I” and two occurrences
of the word “we”). There were 98 occurrences of the second-person pronoun “you”. Based on
the data gathered, it appeared that the text provided only minimal opportunity for meaningful
mathematical discourse. The tone of the text was primarily exclusive, meaning that students were
not actively prompted to share their thoughts, conclusions and ideas with others. In other words,
the text acted as the authority. This is also indicated by both the lack of inclusivity, modal verbs,
and lack of hedged forms. To verify my findings and results, I employed the services of a
professional writer who conducted a parallel analysis using the same procedures and framework
for analysis. The inter-rater agreement was 95%. As a result of this pilot study, I determined that
the framework was a good fit for my study and that it would be a valid tool for this portion of my
research. However, I did choose to eliminate examination of the textual function that was
included in the original framework. Because I was not analyzing the entire textbook, any attempt
to draw conclusions based on the textual function would be inaccurate as it relies on a holistic
analysis of the text.
Definition of Terms
In the field of mathematics education research, many terms adopt multiple definitions
according to the context in which they are used. This study employs a few such terms. As a
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result, these terms must be given constitutive definitions commensurate with the context and
goals of this investigation.
Mathematics Discourse
Dialogical discourse wherein students engage in discussions about math that requires
them to vocalize their understanding of concepts through the interchange of ideas and reasoning
with their teachers and peers. Mathematics discourse focuses on the ways in which teacherstudent and student-student discourse moves the mathematics forward in the classroom.
Remedial Algebra 1
A remedial Algebra 1 course is one designed to provide struggling mathematics learners
with the support needed to overcome previous deficits in mathematics skills while advancing the
acquisition of new, required Algebra 1 skills. It is often conducted at a reduced pace as compared
to standard and advanced Algebra 1 courses.
Standards-based Textbooks
Mathematics textbooks written to fulfill both the content standards and the pedagogical
approaches set forth by NCTM and the CCSI. They focus on problem-solving, communication,
reasoning, and mathematical connections (Senk & Thompson, 2003; Stein et al., 2007).
Delimitations
The study was not designed to provide a comprehensive knowledgebase related to the
planning and facilitation of productive mathematical discourse. Due to the complex, multifaceted nature of discourse in general and mathematics discourse in particular, the scope of this
study was limited to a single factor in the planning and facilitating mathematics discourse. Care
was taken to examine the language of the textbook without regard to content in order to maintain
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a clear focus that provided meaningful conclusions and maintained fidelity to the goals of the
study.
Additionally, the researcher’s employment as a teacher and instructional coach at a
school in the participating school district excluded that school, its teachers, and any teachers
previously employed at the school during the researcher’s tenure from the investigation. These
exclusions limited the possibility of the researcher’s influence on teachers during the classroom
observation and interview phases of the study.
Finally, because neither of the two teachers who participated in this study utilized the
teacher’s edition of their textbook for planning, I only included the student edition of each
textbook in my analysis.
Summary
The goal of this research was to study and explore the possible relationship between
standards-based remedial Algebra 1 textbooks and the ways in which teachers utilize them in the
planning and facilitation of the mathematical discourse that takes place in the classrooms in
which they are used. Because they include classroom observations to analyze the use of
textbooks as a catalyst for mathematical discussions and teacher interviews to gain perspective
into how teachers use textbooks in the planning and facilitation of mathematical discussions, the
results of this study provide valuable information for teachers, curriculum developers,
educational leaders, and researchers. It is my hope that this new information will improve the
development and use of mathematical textbooks as valuable and effective tools for the planning
and facilitation of mathematical discourse that supports students as they struggle to gain the deep
conceptual algebraic understanding needed to promote their success through high school and
beyond.
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Chapter 2: Literature Review
Since the publication of Principles and Standards for School Mathematics (National Council
of Teachers of Mathematics (NCTM), 2000) which identified communication as a key
component in the acquisition of mathematical knowledge, much has been written concerning the
importance of mathematical discourse for teaching and learning of mathematics. The adoption of
the Common Core State Standards (CCSS) in 2009 by 49 states and territories (CCSSI, 2010)
and the publication of Principles to Actions: Ensuring Mathematical Success for All (Leinwand,
2014) further elevated mathematical discourse as a research focus in mathematics education.
Like the NCTM reform standards before them, the CCSS and the standards for effective teaching
practices outlined in Principles to Actions emphasized social constructivist learning (Vygotsky,
1978) through meaningful discussions surrounding mathematics. Within this extant literature lies
a body of knowledge focused on the content of mathematical discussions within the classroom
(Brantlinger, 2014; Hufford-Ackles et al., 2004; Mercer, 2010), teacher actions that can stimulate
meaningful mathematics discussions (Krussel et al., 2004; Smith & Stein, 2011), and the
challenges that arise in facilitating the type of mathematical discussions that lead to a deeper
understanding of mathematical concepts (Bennet, 2010; Sfard, 2001).
The use of discussion as a strategy for the teaching and learning of mathematics represents a
distinct departure from the traditional view of mathematics education that emphasizes facts,
procedures and rote memorization. Instead, these initiatives call for the foci of mathematics
education to be on processes and strategies for learning and doing (Cazden, 2001). This
connection between spoken language and mathematical thinking is emphasized not only in
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American educational reforms but also in reform efforts throughout the world. For example, the
United Kingdom Department for Education (2013) states that
the quality and variety of language that pupils hear and speak are key factors in
developing their mathematical vocabulary and presenting a mathematical justification,
argument or proof. They must be assisted in making their thinking clear to themselves as
well as others, and teachers should ensure that pupils build secure foundations by using
discussion to probe and remedy their misconceptions (as cited in Barwell, 2016, p.332).
Additionally, significant shifts in the nature of society and the workplace have led to
changes in the skills and abilities required by high school graduates for high-wage jobs (Robles,
2012). Among other skills, these include the capacity to solve semi-structured problems where
hypotheses must be formed and tested, to work in groups with persons of various backgrounds,
and to communicate effectively, both orally and in writing (Autor et al., 2003). These skills, all
of which involve the ability to communicate thoughts, ideas, and knowledge support the
increased emphasis on using classroom discourse as a vital learning and teaching strategy. As a
result, both teachers and students are forced to restructure how classroom teaching and learning
is conducted on a daily basis. Unfortunately, the change is not an easy one (Breyfogle, 2005).
The successful orchestration of classroom conversation to maintain appropriate levels of
discourse and to meet mathematical goals is a complex process that can be daunting to both
teachers and students (Breyfogle, 2005). Educators must possess not only strong content and
pedagogical knowledge but also the skill and experience in facilitating purposeful discussions to
enhance student understanding. They must be able to help students refine their explanations and
adequately express their thoughts and ideas while adhering to the mathematical goals of the
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lesson. In other words, the facilitation of successful discussions requires substantial teaching skill
(Boerst et al., 2011).
In this review, I probe the use of textbooks and discourse in the mathematics classroom and
highlight these constructs within Algebra 1 classrooms when the extant literature provides for it.
Algebra 1 is a fundamental component of the current mathematics standards-based reform
movements including standards set forth by NCTM and CCSI (Herrera & Owens, 2001). At least
30 states including the District of Columbia require successful completion of both an Algebra 1
course and an Algebra 1 end-of-course (EOC) state assessment (Center for Public Education,
2013). Many schools offer three levels of Algebra 1 courses to facilitate the learning of critical
Algebra 1 skills for diversified learners:
•

Remedial (or low-level) – designed to provide struggling mathematics learners with
the support needed to overcome previous deficits in mathematics skills while
advancing the acquisition of new, required Algebra 1 skills. They are often
conducted at reduced pacing compared to regular and honors/advanced placement
(AP) courses.

•

Regular (or average-level) – designed for students of average mathematical ability
(based on previous standardized mathematics assessments).

•

Honors and Advanced Placement (AP) (or higher-level) – designed for students of
above average mathematical ability (as demonstrated on previous standardized
mathematics assessments). They are usually conducted at a faster pace and include
more advanced mathematical concepts as compared to intermediate and regular
courses.
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At the time of this review (2019), a Google Scholar search of mathematical discourse
produces about 902,000 results. Narrowing that search to mathematical discourse and student
learning produces about 445,000 results. The aforementioned search also revealed that research
focused on mathematical discourse and its relationship to student learning is not only abundant,
but also very diverse. To explore the connection between mathematical discourse and the use of
textbooks, I present literature related to the use of discourse and textbooks in the mathematics
classroom and how each of these constructs affects how students learn. I confined the body of
knowledge included in this review to research situated in secondary and algebra classrooms
wherever possible to enhance meaningfulness to the review's intended audience. I made
exceptions for literature providing background, definitions, and constructs critical to the
understanding of classroom discourse in general and mathematical discourse in particular. Also,
in keeping with the goals of the review, I included publications related to mathematical
discussions that required students to vocalize their ideas and understanding, and I excluded
publications related to students’ written and visual representations of discourse.
I begin this review by summarizing current literature relating mathematical discourse and
student learning and continue with an exploration of potential teacher needs and challenges in
facilitating mathematical discourse. I conclude the review with a discussion of how teachers
currently use textbooks in mathematics classrooms and an exploration of their potential use as
resources for supporting mathematical discussions.
Mathematical Discourse and Student Learning
Getting teachers to “buy-in” on another teaching strategy that may result in discomfort, a
change in their current teaching practices, and more work in planning is not an easy task. Merely
citing the Common Core Standards (CCSI, 2010) or NCTM’s Professional Standards for
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Teaching Mathematics (1991) is usually not enough to convince many teachers that the use of
mathematical discourse is an effective strategy or best practice. After all, many will claim that
what they are doing now is “working just fine.” Others will claim that it is just another gimmick
or fad that will soon become obsolete and replaced with something else. As a result, it is unlikely
that discourse-based teaching strategies will become widely embraced unless they can be shown
to promote student learning, which, in turn, may contribute to higher student achievement. The
best way to begin to affect change towards more discourse-based instruction, especially in
secondary mathematics classrooms, is to provide evidence grounded in research that
demonstrates its effectiveness.
Student learning is defined and viewed differently according to the literature in which it
is placed. This diversity stems from the subscription of both researchers and readers to different
learning theories as well as from different academic and research goals (Voigt, 2013). Because
many aspects of a student’s environment (both within and outside the classroom) affect what that
student knows, learns, and understands, it is difficult, if not impossible, to measure the impact of
any one construct on the level of knowledge gained (student achievement) (Hiebert & Grouws,
2007). As such, this section focuses on how the use of mathematical discourse strategies may
impact how students learn (which may in turn impact student achievement) rather than how the
use of mathematical discourse strategies may directly impact student achievement.
Much of the existing research regarding the relationship between mathematical discourse
and student learning can be categorized into three fundamental principles of learning highlighted
by the National Research Council (2000) and summarized in How Students Learn Mathematics
in the Classroom (National Research Council, 2004). I use these three principles as the
framework for the synthesis of the extant literature on this topic.
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(1) Failure to engage the preconceptions and initial understandings that students bring to
the classroom may lead to student failure to grasp new concepts or to learn them only
to pass an assessment.
(2) To develop competency, students must develop a deep foundation of factual
knowledge and must understand these facts and ideas in the context of the conceptual
framework. Additionally, students must be able to organize knowledge in ways that
facilitate retrieval and application.
(3) A metacognitive approach to instruction helps students to become more effective
learners by developing their ability to take control of their learning, to define learning
goals, and to monitor their progress.
Mathematical Discourse to Engage Prior Understandings
Informal strategies and mathematical reasoning are often used by both children and adults
to solve mathematical problems. However, students often have difficulty connecting these
informal strategies to the formal mathematics they are learning in the classroom (Fusonet al.,
2005). Therefore, the engagement of these preconceptions and previous experiences are critical
in helping students to bridge formal and informal mathematics strategies in order to become
stronger mathematicians.
Participating in a mathematical community through discourse is as much a part of
learning mathematics as the conceptual understanding of mathematics itself (Stein, 2007). A
classroom environment in which mathematical dialogue based in inquiry and argumentation is
established provides students with the opportunity to learn through partnerships, challenging
conversations, and immediate feedback (Boerst et al., 2011; NCTM, 2000). The facilitation of
mathematical discourse as a regular component of classroom learning is a way of allowing
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teachers to make visible and work with the preconceptions and prior experiences that students
bring to the classroom (Walshaw & Anthony, 2008). Studies (Black et al., 2008; Goos, 2004)
show that through these mathematical discussions, students are able to clarify their strategies to
themselves and their peers – allowing a comparison of the limitations and benefits of different
approaches which in turn supports deeper learning. For example, the results of a 2-year
longitudinal study by Goos (2004) that analyzed classroom observations (supplemented by video
and audiotaping of teacher-student and student-student interactions) and conducted interviews
with grade 11 and grade 12 mathematics students and teachers indicated that classroom
conversations led to increased mathematical sense-making and movement toward fuller practices
of mathematical inquiry where students demonstrated their preconceptions, misconceptions, and
understandings through verbal conveyance of concepts and reasoning. When properly
facilitated, mathematical discourse not only allows students to express their understandings,
preconceptions, and misconceptions in a way that becomes a valuable resource for teachers to
bridge informal and formal knowledge (Sherin & Lynn, 2019), but also allows students to make
connections between what they know and do outside the classroom with what they do and learn
within the classroom (Walshaw & Anthony, 2008). Thus, the facilitation of meaningful and
productive mathematical discourse can challenge, stimulate and extend student thinking in a way
that deepens student learning of mathematical concepts which may, in turn, lead to higher
student achievement.
Mathematical Discourse to Promote the Use of Factual Knowledge in New Situations
Traditional mathematics instruction emphasizes the learning of rote procedures, mathematical
facts, and rules (Pape et al., 2003). Sfard (2001) describes this view within an acquisitionist
framework in which understanding is “a mode of knowledge, whereas knowledge itself is
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conceptualized as a certain object which a person either possesses or not, and learning is
regarded as a process of acquiring this object” (p.21). A variety of instructional strategies,
including lecture, drills, worksheets, and tasks, have been shown to be effective in helping
students memorize these facts and procedures. However, students who learn in this manner, even
those who have developed automaticity in their communication of these rules and facts, are often
unable to apply them in applications outside of what was explicitly experienced in class (Cazden,
2001). In other words, they are often unable to generalize the factual knowledge they have
gained to new situations. Although the attainment of factual knowledge is an integral part of
mathematical proficiency, research demonstrates that students will develop a deeper
understanding of mathematics and how to apply mathematics to a variety of applications when
they apply the information they are learning and cultivating the problem-solving process (Boaler,
2016; McGahan, 2019). Through collaborative discourse, students are provided the opportunity
to engage with practices used by proficient problem solvers (Herbel-Eisenmann, 2007;
Moschkovich, 2003). These include mathematical practices such as representing, inquiring,
justifying, and reasoning – practices that the literature show to be instrumental in the positive
development of students’ mathematical disposition and competence to do mathematics (Boaler,
2003; Kazemi & Franke, 2004; Goos, 2004; de Hufferd-Ackles et al., 2004; Staples, 2007).
Staples (2007) found that the use of inquiry-based lectures combined with mathematical
discourse improved high school pre-algebra students’ understanding and ability to generalize the
mathematics to which they were being exposed. Staples attributed this increase in students’
procedural and conceptual fluency to the classroom environment in which they were encouraged
to discuss their thinking with their peers and teacher, discover each other’s mistakes, and
participate in discussions that exposed them to multiple ways of arriving at a task’s solution
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(McGahan, 2019; Staples, 2007). Other researchers came to similar conclusions. For example, a
2-year longitudinal study of 11th and 12th-grade mathematics students conducted by Goos (2004)
also concluded that classroom conversations could lead to increased mathematical sense-making
and movement toward fuller practices of mathematical inquiry where student understanding was
demonstrated in a variety of applications through the verbal conveyance of concepts and
reasoning. Combining teaching and learning of factual knowledge with discourse-based
classroom collaboration deepens both procedural and conceptual knowledge which, in turn, can
enhance student ability to apply that knowledge to new and diverse situations (Fuson et al., 2005;
Donovan & Bransford, 2005).
Mathematical Discourse and Metacognition
Metacognition, “the knowledge and control one has over one’s thinking and learning
activities” (Swanson, 1990, p.306), has been the focus of much attention in educational research
over the past few decades (e.g., Flavell, 1978; Karamarski et al., 2002; Schoenfeld, 1992;
Swanson, 1990). It can have a significant positive impact on student learning of mathematics by
increasing students’ ability to problem-solve (Schoenfeld, 1992; Pintrich, 2002; Wilson & Clark,
2004). Students who use metacognitive strategies such as the plan, monitor, and evaluate model
(Gray, 1991) begin problems more efficiently, persevere when they encounter roadblocks,
evaluate their strategies, and make adjustments as needed (Schoenfeld, 1992; Van der Stel et al.
2010). As a result, these students become more effective problem solvers.
Theoretically, metacognition aligns with the social constructivist view of learning (Smith
& Mancy, 2018). Through discussion and the sharing of thinking, understanding, processes, and
strategies, student metacognitive awareness may be enhanced (Smith & Mancy, 2018). In other
words, the use of mathematical discourse as a teaching and learning strategy also becomes a
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pathway to enhanced metacognitive skills, which in turn can result in deeper learning of
mathematics.
Although student learning cannot be directly correlated to any single factor, studies such
as those conducted by Boaler (2008), Forman (2013), and Kiemer et al. (2015) have shown that
the use of discourse strategies in mathematics classrooms can have a positive effect on the
learning of mathematics, mathematics achievement scores, students’ confidence in their
mathematics ability, increased classroom engagement, and student efficacy. Despite this
evidence, the use of mathematical discourse is not commonly used by teachers as an integral part
of classroom teaching and learning, especially within lower-level mathematics courses. The
question then becomes why? The answer lies in the complexity and challenge of facilitating
discourse that enhances and deepens the learning of mathematical concepts. The next section
presents some of these challenges and complexities. Due to the complexities inherent in
facilitating mathematical discourse, including the understanding that each classroom setting is
different and affords unique challenges, this discussion is not meant to provide a comprehensive
list of all roadblocks that may be encountered, nor is it an implication that these problems are
present in every classroom. The obstacles presented here were chosen for their relevance to the
current study.
Challenges in Facilitating Meaningful Mathematics Discourse
Productive discussions that serve to achieve mathematical goals and enhance
mathematical prowess require teachers to know and understand the components that comprise
effective conversations. In this section, I provide a review of the extant literature regarding the
teacher’s role in the facilitation of mathematical discourse. The purpose of this portion of the
review is to answer the following questions: What elements of discussion do teachers need to
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know and understand to facilitate productive and meaningful mathematical discourse? What
challenges do they need to overcome in order to facilitate mathematical discussions effectively?
Researchers concur that creating discussion-based opportunities that promote student
learning is challenging (Boerst et al., 2011; Silver & Smith, 1996; Stein, 2007). Teachers must be
able not only to initiate conversations that require higher-level student thinking but also to
sustain these conversations in a way that maintains the cognitive demands required to deepen
learning (Smith & Stein, 2011; Walshaw & Anthony, 2008). To achieve these goals, teachers
must guide student-teacher and student-student interactions that allow consideration of
alternative ideas and approaches, identify misconceptions, and experience the mathematics in a
personal way that leads students to a deeper relationship and understanding of the mathematics
(Gronewold, 2009).
In 5 Practices for Orchestrating Productive Mathematics Discussions, Smith and Stein
(2011) summarize five teacher practices designed to both initiate and sustain meaningful
classroom discussions. The practices are (p. 8)
1. Anticipating likely student responses to challenging mathematical tasks;
2. Monitoring students’ actual responses to the tasks (while students work on the tasks
in pairs or small groups);
3. Selecting particular students to present their mathematical work during the wholeclass discussion;
4. Sequencing the student responses that will be displayed in specific order, and
5. Connecting different students’ responses and connecting the responses to key
mathematical ideas.
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Similarly, Classroom Discussions: Using Math Talk to Help Students Learn (Chapinet
al., 2009) highlights five teaching practices for improving the quality of discourse in
mathematics classrooms. These five practices mirror and even utilize those of Smith & Stein
(2011) demonstrating a convergence of research and agreement on the skills in which teachers
must become proficient in order to utilize discourse strategies successfully. These practices
include:
1. Talk moves that engage students in discourse. These talk moves involve revoicing,
having students apply their own reasoning to someone else’s, prompting for further
participation, and the use of wait time.
2. The art of questioning
3. Using student thinking to propel discussions
4. Setting up a supportive environment
5. Orchestrating the discourse
Although differing in the language used, researchers agree on common principles of
teacher facilitation of meaningful and effective mathematical discourse as summarized by
Staples (2007): (a) Eliciting student ideas requires the teacher to promote student thinking by
seeking their input, ideas, thoughts, comments, and questions, (b) Scaffolding the production of
ideas requires the use of instructional strategies that elicit student ideas and support students in
sharing ideas and making contributions, (c) Creating contributions requires the teacher to accept
half-articulated thoughts, ideas questions, and “anything else that might further the class’s
mathematical journey” (p. 178). Creating contributions also requires emphasis on the making of
errors as a part of the learning process. Employing this type of teaching requires a deep
understanding of mathematics, student thinking and reasoning, and available resources.
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It must be noted that successful facilitation of meaningful and productive mathematical
discussions is not as simple as “checking off” a list of actions or strategies. Instead, it is a
multifarious construct replete with challenges. The complexity of these challenges has led the
traditional IRE (Initiate-Respond-Evaluate) method (Mehan, 1979) in which the teacher asks a
question, elicits a response from a student, and evaluates the response with a “yes,” “good,” or
“no” to become the dominant form of teaching in high school mathematics classrooms (Ellis et
al., 2018). Amongst the most common challenges reported in the literature regarding
mathematics discourse is the use of questions that not only start meaningful conversations
designed to elicit student thinking, but also extend the conversation by encouraging students to
confer with their peers (Bennet, 2010; Boaler, 2004; Kosko et al., 2014). Research results
consistently indicate that despite reform calls for teachers to adopt more effective questions that
probe student thinking and promote argumentation and discussion, teachers generally ask
questions that are leading, close-ended and recall based (Bennet, 2010; Hufferd-Ackles et al.,
2004; Kosko et al., 2014). For example, Bennet (2010) conducted a study designed to support
teachers in increasing student engagement in which he observed six classroom lessons of two
novice secondary math teachers. He discovered that both teachers asked few questions, and
follow-up questioning was sparse. Additionally, they asked only a small number of questions
that required students to think in more complex ways and provided few opportunities for students
to confer with each other. As a result, their lessons became more teacher-centered rather than
student-centered and engaged very few students except the one responding to a question.
In 2008, Noddings summarized existing research related to the challenges of facilitating
mathematical classroom discourse by noting that engaging students in open discussions of
mathematics is “not simply a matter of getting more students to interact with one another, but,
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rather, one of helping students become better, more complex, and creative thinkers of
mathematics so that they can connect and relate mathematics to their lives” (p. 87). In other
words, teachers need to ask specific, leading, and well-planned questions to make connections.
The fact that two or more students are carrying a conversation about a mathematical task
does not imply that the conversation is productive and helpful in advancing understanding for
either or both participants. In fact, a study by Sfard & Kiernan (2001) demonstrates that without
proper facilitation, collaboration can become counterproductive due to the ineffectiveness of the
communication. The study presented the conversation of two students surrounding an Algebra
task on which they were collaborating. Despite having comparable success in both the current
and previous mathematics classes were unable to convey their thoughts, ideas and questions in a
way that helped each other. In other words, the boys were miscommunicating which resulted in
more confusion than it did clarification. The study highlights the need for careful consideration
of the assignment of collaboration partners, especially during small group and partner work.
Mathematical tasks that involve multiple representations, multiple solution methods and
student justification can lead to increased student engagement and richer, more meaningful
discourse (Silver & Smith, 1996). Along with increasing student participation in classroom
discussions, teachers also face the difficulty of centering discourse on meaningful tasks that
require students to reason and think about important mathematical ideas. An example provided
by Silver and Smith (1996) illustrates the struggle teachers may encounter when using
mathematical tasks as centers of discourse. In this narrative, they describe a lesson that required
students to express various ratios in simplest terms. Although the teacher modeled the process,
provided students the opportunity to work on a task collaboratively, and used probing questions
that attempted to stimulate student thinking, the discourse that occurred surrounding the task did
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not elicit student thinking beyond the basic definitions and rote procedures required to simplify
the ratios. This study, and those similar to it, emphasize the need for teachers to create or have
access to tasks that are designed to promote and facilitate productive discussions but makes no
attempt to describe the language that should be used within the task to promote more meaningful
discussions around the mathematics.
This review of the extant literature highlights some of the many challenges that teachers
face in facilitating mathematical classroom discourse. Magnification of these difficulties may be
experienced by high school teachers whose teenage students may struggle not only to succeed
academically but also to establish their social identities. Although some of the literature
describes teacher choices and behaviors characteristic of successful discourse environments,
there exists a need for continued research that identifies resources that may help bridge the gap
between the knowledge and skill required to implement discourse strategies and the time and
curriculum constraints that most classroom teachers face on a daily basis. As a result, studies
conducted in high school classrooms that can describe how resources already utilized daily may
be able to support teachers’ efforts to facilitate effective classroom discourse. In the next section
of this review, I present a discussion of one of those resources – textbooks.
Textbooks in the Mathematics Classroom
“Curriculum materials are a means of communicating – typically via text and diagrammatic
representations – ideas that make up classroom activity” (Brown, 2009, p. 21). They are viewed
by many as a key tool in guiding both teacher planning and student learning. In a study
conducted by Chval, Chavez, Reys & Tarr (2009), 81 percent of teachers used textbooks
regularly as a primary source used to teach mathematics. Because of their accessibility and broad
use in education, textbooks can heavily influence classroom teaching and can have large effects
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on student achievement. Teachers are often required to use school, district or state-adopted
curricula (Reys, 2001). As a result, curriculum materials, especially textbooks, play a major role
in the content and delivery of mathematics instruction. Historically, the use of textbooks is based
on a fidelity approach in which the sequencing and presentation of content not only dictate the
goal of teaching but also the way in which the concepts are taught (McClain et al., 2012).
Teachers of mathematics in all countries rely very heavily on textbooks in their day-today teaching, and this is perhaps more characteristic of the teaching of mathematics than
of any other subject in the curriculum. Teachers decide what to teach, how to teach it, and
what sorts of exercises to assign to their students largely on the basis of what is contained
in the textbook authorized for their course (Robitaille & Travers, 1992, p.706).
A summary of extant literature indicates that textbooks in the mathematics classroom have
come to serve three primary roles (Weiss et al., 2001). First, textbooks serve as curriculum
guides that provide teachers with the content they should teach. Second, textbooks serve as a
guide for determining the sequencing of materials. Third, textbooks provide teachers with
lessons, activities, and ideas designed to engage students in the learning process. In other words,
they are used as lesson planning resources for the teacher.
Teacher Use of Mathematics Textbooks
Student opportunities to learn are determined by teachers and are influenced by:
the emphasis teachers place on different learning goals and different topics, the
expectations they set, the time they allocate for particular topics, the kinds of tasks they
pose, the kinds of question they ask and responses they accept, and the nature of the
discussions they lead (Hiebert & Grouws, 2007, p.379).

35

Factors that influence TEACHER INTENDED
CURRICULUM e.g. knowledge, beliefs, practices,
access to resources and support, knowledge of
students and local context.

Instructional Materials

Teacher Intended
Curriculum

Enacted Curriculum

Figure 2. Relationships Between Teachers and Enacted Curriculum (Chval, Weiss & Taylon, 2014).
As a result, textbooks are arguably among the most immediate determining factors of educational
practice (Lepik et al., 2015; Silver, 2009; Tornroos, 2005; Weiss & Ziebarth, 2012)
Teacher use of textbooks has been and continues to be a well-researched topic. Study
results related to teacher use of mathematics textbooks aligns with those of textbook studies
across all content areas in their conclusion that teachers use textbooks in different ways (Brown,
2009; Haggarty & Pepin, 2002; Remillard, 2005). For example, some teachers follow curriculum
guides (which include textbooks) closely while others use them only as references (Remillard,
2005). Some teachers rely heavily on textbooks to determine what they teach and the methods
and tasks they use to teach (Robitaille & Travers, 1992) while others use them almost
exclusively for classroom exercises and homework assignments (Rezat, 2011). Although the
specific ways in which teachers utilize mathematics textbooks variy widely, researchers
consistently identify the use of textbooks as a primary resource for mathematics lesson planning
(Lloyd et al., 2011; Remillard, 2005). Figure 2 depicts a conceptual model of the relationship
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between instructional materials and teacher instruction developed by Chval, Weiss & Taylan
(2014). This model shows the prominent place instructional material hold in the planning and
implementation of daily instruction.
A second use of textbooks by teachers is as a guide in determining the sequencing in
which material is presented and, as a result, the pedagogical methods employed. For example,
Nathan and Koedinger (2000) propose that teachers subscribe to a view of mathematical
development in which symbolic reasoning precedes verbal reasoning. These views lie in contrast
to both the principles held by many mathematical reforms and analyses of students’ strategies
and errors which suggest that informal strategies (such as guess-and-check and working
backward) most commonly employed by students are better supported by verbal problem types.
Accordingly, the development of informal processes of problem-solving prior to the introduction
of symbolic reasoning (such as the use of variables) would provide a deeper understanding of
mathematical concepts. This dichotomy in views is due in large part to the introduction of new
material by many widely-used algebra and pre-algebra textbooks in a symbolic format first and
then later in word problems provided as challenge problems (Nathan & Koedinger, 2000).
A third use of textbooks by teachers is a resource to provide teachers with lessons, tasks,
questions, problems, and other activities designed to engage students with the mathematics. The
use of textbooks in this capacity has become even more prevalent with the adoption of the CCSS
(CCSSI, 2010) and the increased significance of standardized assessments to determine the
Neffectiveness of teachers and whether or not students are eligible to graduate high school (Senk
& Thompson, 2003). In a study based on the Third International Mathematics Science Study
(TIMSS), conducted by Valverde, Bianchi, Wolfe & Schmidt (2002) an average of
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approximately 50% of textbook space is allocated to exercises & questions sets and an average
of 3% to activities.
Mathematics Textbooks and Classroom Discourse
Earlier in this review, I described some of the challenges that teachers are faced with as
they attempt to facilitate mathematical discourse that both elicits student thinking and that
bridges student preconceptions with new knowledge, understandings and applications of
mathematical concepts. Teachers must not only have a sense of how the discussion of a
mathematical construct might unfold, but also consider which topics and discussion paths are
most important in meeting the established learning objectives (Grant et al., 2009). Some
researchers suggest that textbooks might be a valuable resource for the planning and preparation
of discussions that encourage and elicit student thinking while maintaining focus on the lesson
goal(s) (Davis & Krajcik, 2005). In this section, I provide a review of extant literature that
explores the ways in which textbooks might support or hinder mathematical discussions. If, as
has been shown in the current literature, textbooks influence student experiences in mathematics
(including mathematical discussion), research must examine both the explicit and the hidden
ways in which that influence might be exerted. Although there are many factors that contribute to
this phenomenon, this section will explore two major features of mathematical textbooks that
research identifies as impacting mathematical classroom discourse: (1) questions and tasks, and
(2) textbook language.
The use of textbooks as a primary source for mathematical questions, problems and tasks
as discussed previously in this review marks them as a viable resource for facilitating meaningful
and productive discussions. Research related to the construct of mathematical discourse is replete
with studies that identify questions and tasks that are close-ended or narrowed in focus as
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inhibitors in the development of deep, meaningful conversations that move learning forward.
Conversely, questions and tasks that are open-ended and elicit student thinking through
justification and an emphasis on the process rather than the answer were found to promote richer
discussions that led to deeper explorations and learning of mathematical concepts (da Ponte &
Quaresma, 2016; Stein et al., 2008). However, is it enough to conclude that textbooks containing
primarily open-ended questions and tasks are adequate tools for teachers seeking support in
facilitating mathematical discourse? Some researchers claim that it is not; they posit that the
language or voice in which a textbook is written has a major impact on its ability to promote
discourse.
In language analysis, voice refers to who is speaking. Research on voice “directs
attention to the diverse process through which social identities are represented, performed,
transformed, evaluated, and contested” (Keane, 1999 p.271). Voice, as viewed through language
choice, can affect the roles, identities, and choices made by those involved in any learning
experience (Keane, 1999; Herbel-Eisenmann, 2007) and can, therefore, affect student
participation in classroom discussions.
A framework developed by Herbel-Eisenmann (2007) was used to help construct the
roles of the textbook authors and readers as well as the expected relationships between them. The
framework was adapted from the work of Morgan and Halliday (Herbel-Eisenmann, 2007) who
focused on three functions of the text (interpersonal, ideational, and textual). The interpersonal
function relates to the personal relationships, especially authority relationships, established in a
text. The ideational function determines how language conveys the reader’s experiences. The
textual function describes the construction of the text as a whole.
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Herbel-Eisenmann examined a middle school mathematics textbook for a study in which
interpersonal function was the main focus. To examine this function, she searched for
imperatives (commands) that tell the reader what to do, personal pronouns that address the reader
and represent the author, and modality, which identifies the level of certainty associated with
particular forms (such as probably, likely, etc.). She then further categorized identified
imperatives as inclusive (asks the reader to be a thinker) and exclusive (asks the reader to be a
scribbler) (Herbel-Eisenmann & Wagner, 2007) and analyzed the ideational function of the text
by noting who the actors were and how the textbook authors represented agency. To complete
her analysis, Herbel-Eisemann explored the textual function of the textbook by focusing on the
modes of reasoning and the features of the text that demonstrated continuity.
Using the framework described above, Herbel-Eisenmann was able to identify several
factors that can influence the way in which textbooks are viewed and used. In addition, she was
able to demonstrate that the style of writing employed in the text was authoritative which
promoted an unequal relationship between the author and the reader. She concluded that the
textbooks did not support the reforms and standards established by the National Council of
Teachers of Mathematics as they relate to the teacher’s role in discourse, the students’ role in
discourse or the tools for enhancing discourse.
The conclusions drawn from the Herbel-Eisenmann (2007) study are general and
disputable, due, in part, to the exclusive nature of the exploration. The study was centered around
one mathematics textbook and the conclusions drawn were established without considering the
users nor the context in which the textbook was used. The study does, however, offer a valuable
tool for analyzing the voice of a textbook. Additionally, the initiation of the discussions
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presented opens the door to additional research on the possible relationships between the
language of textbooks and mathematical discourse.
Impact of Textbooks on Student Achievement
Because they often determine what is taught by teachers, textbooks can be used as
valuable measures of opportunity to learn (Törnroos, 2005) and can, therefore, affect student
achievement. Although a direct connection between textbooks and student learning is difficult to
substantiate due to the many external factors that also influence what students learn, a few
researchers (e.g. Hadar, 2017; Shield & Dole, 2013; Stein et al., 2007) have attempted to
establish their relationship. The findings of this research, however, vary based on the type of
curriculum used. For example, a study by Huntley, et al. (2000) found that standards-based
curriculum materials enhanced the ability of students to solve algebraic problems within applied
contexts while traditional materials improve the ability of students to manipulate symbolic
expressions. Here, standards-based curriculum refers to textbooks that include active engagement
of students, a focus on problem-solving, and a focus on connections both within mathematical
strands and to those situated in real-world contexts (Trafton et al., 2001). Reys, Reys, Lapan,
Holliday, and Wasman (2003) conducted a study that compared that mathematics achievement of
eight graders in three Missouri school districts who utilized standards-based mathematics
curricula with other students with similar previous mathematics achievement and family income
levels from other districts who utilized traditional mathematics curricula. The results of their
study contradict those of the Huntley, et al. study in that they revealed that students using
standards-based curriculum scored higher in both applied context problems and symbolic
expression manipulation. Riordan & Noyce (2001) also found a positive correlation between
standards-based curricula and performance on standardized mathematics assessments.
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Student achievement is further enhanced when a standards-based curriculum is combined
with a Standards-based learning environment (Tarr et al., 2008). A standards-based learning
environment is one in which teaching is consistent with the recommendations of NCTM (Tarr et
al. 2008). Tarr et al. determined that although curriculum type was not a significant predictor of
student achievement, there was a significant relationship between the curriculum type, the
classroom learning environment, and student performance. Specifically, a standards-based
curriculum combined with a standards-based learning environment had a positive impact on
student performance as measured on standardized tests.
Conclusion and Discussion
Despite reform efforts and research extolling the value of using mathematical discourse
as an integral part of mathematics instruction, the Initiate, Respond, Evaluate (IRE) method of
teaching continue to dominate secondary mathematics classrooms (Cazden, 2001, Mehan, 1979).
This is due, in part, to the complex nature of implementing meaningful mathematics discourse as
well as the difficulty in directly correlating the use of discourse to mathematical learning and
achievement (Boerst et al., 2011; Cazden, 2001; Silver & Smith, 1996; Stein, 2007).
The use of discussion as a tool for learning is evident in both literature and society.
Research studies (e.g. Brookfield & Preskill, 2012; Forman, 2013; Kiemer et. al, 2015) have
shown that discussion can increase student learning, motivate students, support teachers in
understanding and assessing student thinking, and shift the mathematical authority from the
teacher (or textbook) to the community (Cirillo, 2013). However, if extant literature is
insufficient to sway skeptics, then consider the demands of today’s society.
Social media and the internet are integral parts of all of our lives, especially our middle
and high-school-aged children. The youth of today learn primarily through the exchange of
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ideas. The influence of forums such as YouTube and Facebook on the beliefs, perceptions,
experiences, and ideas is undeniable. By ignoring the way in which this generation constructs
knowledge and meaning outside of the classroom, educators place students at a learning
disadvantage within the classroom. The use of sociocultural pedagogies must be an integral part
of the classroom learning environment if we are to meet student needs. Additionally, the
globalization of today’s workplace requires the ability to communicate ideas in multiple ways
including written (email, blogs, publications) and verbal (presentations, professional
development) to a vast audience of people with very different socioeconomic, cultural, and
experiential backgrounds. If we as educators are to prepare our students for success, we must
provide them with the ability to communicate effectively.
As important as it is for classroom teachers to provide their students with effective tools
to meet their academic goals, it is equally important for researchers and educators to provide
classroom teachers with the tools to support their students. Despite the central role of textbooks
in secondary mathematics classrooms (Reys, Reys, & Chavez, 2004), attempts to connect
textbooks and classroom discourse are sparse. Although some studies (Herbel-Eisenmann, 2007;
Herbel-Eisenmann & Wagner, 2007) have begun to establish this relationship, additional
research is warranted. Because many teachers have difficulty with facilitating meaningful
mathematics discourse and because they utilize textbooks as a means of assistance in planning
and orchestrating daily lessons, research that explores how textbooks can assist teachers in the
planning and facilitation of productive and meaningful mathematical discourse that helps
students develop deeper understanding of mathematical concepts is an important and valuable
undertaking.
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Chapter 3: Methods
In this chapter, I describe the methods I used to investigate the relationship between
remedial Algebra 1 textbooks and the planning and facilitation of mathematical discourse within
the classrooms that utilize them. First, I present the study purpose and the questions that guided
my research. Next, I describe the methods that I used, including the research design and its
rationale. In the remainder of the chapter, I outline the study context, textbook and participant
selection, data collection, data analysis, and ethics issues. Here, in keeping with the purpose of
this review and its intended audience, mathematical discourse is defined as dialogical discourse
wherein students engage in verbal discussions about math that requires them to vocalize their
understanding of concepts through the interchange of ideas and reasoning with their teachers and
peers. Because this definition is grounded in two-way communication, the terms discussion and
conversation may be used synonymously with the term discourse.
Purpose of the Study & Research Questions
The purpose of this study was to explore the use of two standards-based remedial Algebra
1 textbooks as tools to support teachers in the planning and facilitation of mathematical
classroom discourse. Here, remedial Algebra 1 refers to a course designed to provide struggling
mathematics learners with the support needed to overcome previous deficits in mathematics
skills while advancing the acquisition of new, required Algebra 1 skills. Standards-based
mathematics textbooks are those written to fulfill both the content standards and the pedagogical
approaches set forth by NCTM and the CCSI (Riordan & Noyce, 2001). They focus on problem
solving, communication, reasoning, and mathematical connections (Senk & Thompson, 2003). In
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contrast, traditional mathematics textbooks present mathematical content by reviewing the
procedures required to find the solution and then have students practice with additional
problems. They are often associated with memorization, procedures, and algorithmic
manipulation of numbers (Riordan & Noyce, 2001). The following questions will guide my
research:
1. In what ways do the language and structure of a standards-based Algebra 1 textbook
present opportunity for the sharing of mathematical understanding through classroom
discourse?
2. How is a standards-based textbook used by three remedial Algebra 1 teachers in the
planning and execution of mathematical discourse related to daily lesson objectives?
Research Design
For this study, I used a mixed methods design (Tashakkori & Teddlie, 2010; Creswell &
Clark, 2011) that combines both quantitative data (textbook analysis) and qualitative data
(teacher interviews and classroom observations) to answer the research questions. Factors
influencing classroom discourse are complex and many. A mixed methods approach is
appropriate for this study since neither the textbook analysis nor the interviews and subsequent
observations are sufficient by themselves to capture how textbooks may be used as tools for the
planning and facilitation of classroom discourse. The textbook analysis provides information
related to the language of the textbooks and the extent to which they are designed for use as a
source of classroom discussion. It does not, however, provide information on how the textbooks
are used in the planning and facilitation of mathematical discourse by teachers. To overcome this
limitation, I conducted teacher interviews to explore both their experiences in utilizing textbooks
in the planning of their classroom discussions as well as the reasons they chose to include or
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exclude the books in the planning and execution of mathematical discourse for a particular
lesson. Additionally, I conducted classroom observations to document the facilitation of
mathematical discourse as related to the teachers’ plans. In other words, this study examined
three different categories of the curriculum (Gehrke et al., 1992) as they relate to classroom
discourse:
•

Formal curriculum – the goals established by the textbook designers

•

Intended curriculum – teachers’ aims or goals

•

Enacted curriculum – what actually takes place in the classroom

By considering the textbook analysis, classroom observations, and teacher interviews together, I
was able to a more in-depth picture of the relationship between remedial Algebra 1 textbooks
and the planning and facilitation of mathematical classroom discourse.

Textbook & Data
Collection and
Analysis
.

Textbook & Data

Relate
Independent
Analysis

Interpretation

Observation &
Teacher Interview
Data Collection
and Analysis
Figure 3. Overview of the Convergent Parallel Research Design Used in this Study.

I employed a convergent parallel design in which the textbook analysis and
observation/interview data were collected simultaneously. More specifically, I employed the
parallel-databases variant of this design (Creswell & Clark, 2011). I conducted the quantitative
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analysis (textbook analysis) and the qualitative analysis (interviews and observations)
independently. Once both analyses were completed, I synthesized and compared the two sets of
independent results (Figure 3). Because each strand of data provided an equally relevant yet
different perspective on the relationship, the methods were prioritized equally.
Study Context
Algebra 1 is a fundamental component of the current mathematics standards-based
reform movements including standards set forth by NCTM and CCSI (Herrera & Owens, 2001).
At least 30 states including the District of Columbia require successful completion of both an
Algebra 1 course and an Algebra 1 end-of-course (EOC) state assessment (Center for Public
Education, 2013). The depth of knowledge and mathematical understanding obtained in Algebra
1 has been shown to have an impact on both the success achieved in subsequent mathematics
courses and the number of advanced mathematics courses in which students enroll (Spielhagen,
2006). Students enrolled in remedial Algebra 1 courses are typically one or more grade levels
behind in mathematics (The Charles A. Dana Center, 2018). Students who fail or struggle with
Algebra 1 concepts often face the most difficult challenges in obtaining the knowledge and skills
to attain their mathematical goals and are at the greatest risk of failing to earn a high school
diploma (Moses, 2001). Florida Department of Education (2014) data from the 2013-2014 school
year shows that 48% of ninth grade students taking Algebra 1 for the first time (considered to be
behind grade level) failed the Algebra 1 End-of-Course assessment that is required to graduate. It
was projected that during the 2018-2019 school year, the state of Florida alone would have
approximately 55,141 students enrolled in remedial Algebra 1 courses accounting for
approximately 23% of the total number of students projected to be enrolled in all Algebra 1
courses (Florida Department of Education, 2018). Situating this study within remedial Algebra 1
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classrooms may serve to provide educators with valuable information that will assist them in
making choices that best support the needs of this at-risk group of students. Consequently, I
conducted my study within two high school remedial Algebra 1 classrooms located in two school
districts within the state of Florida.
Textbook Selection
To meet the goals of the study, I established three criteria for the selection of the
textbooks I analyzed:
1. The textbook must be widely used with remedial Algebra 1 students throughout the
U.S.
2. The textbook must be standards-based.
3. The textbook must be available in electronic format to facilitate analysis and

eliminate the need for manual conversion to digital format.
To begin the selection process, I created a list of textbooks used in high school remedial
Algebra 1 classrooms in Hillsborough, Pinellas, Polk, and Pasco County school districts. I chose
these districts to minimize the amount and cost of travel time required to complete my study.
Because all four districts rank among the 53 largest school districts in the United States based on
enrollment (Niche, 2018), the textbooks used by the schools in these districts are representative
of the materials used to facilitate the learning of a large number of students. A list of the
textbooks used by each county I considered for this study was provided by the mathematics
supervisors from each school district and is provided in Table 1.
I chose to conduct my research in Hillsborough County because the school district
utilized two different standards-based textbooks. The individual schools within the school district
choose which of the two standards-based textbooks they will use. By including two different
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textbooks, I was able to gain a more diverse view of the language in which standards-based
textbooks were written and how teachers utilized them to plan and facilitate mathematical
discourse. Neither participant utilized the teacher editions in planning for their classroom
discourse. As a result, I analyzed only the student edition of each textbook.
Table 1.
Initial List of Textbooks Considered for Selection
School District

Remedial Algebra 1
Textbook

Type (Standardsbased or
Traditional)

Electronic
Version
Available

Hillsborough County

AgileMind Intensified
Algebra I

Standards-based

Yes

SpringBoard Algebra 1

Standards-based

Yes

Pasco County

Pearson High School
Mathematics: Algebra 1

Traditional

Yes

Pinellas County

Agile Mind Intensified
Algebra I

Standards-based

Yes

Polk County

Pearson High School
Mathematics: Algebra 1

Traditional

Yes

AgileMind Intensified Algebra I
Two of the counties I polled for this study use the AgileMind Intensified Algebra
I textbook. Additionally, several large school districts throughout the U.S. utilize this textbook
for their remedial Algebra 1 courses (AgileMind, 2018). The positive impact of the AgileMind
Intensified Algebra I curriculum on student achievement has been both the subject of scholarly
literature (Martinez et al., 2016; Tidd et al., 2018 ) and a phenomenon that I have experienced as
a teacher in Hillsborough County. It was developed collaboratively by the Charles A. Dana
Center at the University of Texas at Austin, the Learning Sciences Research Institute at the
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University of Illinois at Chicago, the AgileMind technology corporation, and the Center for
Research on Learning at the University of Kansas to provide a program that would specifically
address the needs of underprepared learners in an extended-period algebra course (Tidd et al.,
2018). According to the publisher, key features of the curriculum (Agile Mind, 2018) include:
•

In-depth, hands-on exploration tools to build comprehension of key concepts

•

Differentiated instruction that targets needed practice and review through rich
visualizations, multiple representations of concepts, and daily small-group
activities.

•

Academic Youth Development component designed to blend best practices in
algebra instruction with advances in developmental and social psychology and in
research on struggling learners to shape students’ engagement.

SpringBoard Algebra 1
Published by the CollegeBoard (2019) and widely used throughout the U.S. (including
Arizona, California, Florida, Louisiana, Pennsylvania, Texas, and Washington), the writers of the
SpringBoard Algebra 1 textbook designed it to be a student-centered learning guide that focuses
on the skills and knowledge that matter most for college and career readiness (CollegeBoard,
2019). The version I used for this analysis is written to the Florida State Standards, while other
states use versions written to the Common Core State Standards or other state standards.
According to the publisher, the key features of the curriculum include (CollegeBoard, 2019):
•

Activities are structured to engage all students in active learning through
discussion, partnering, and group work.

•

Promotes mathematical ways of thinking to real-world issues.
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•

Prepares students to solve complex math problems and teaches them to apply
mathematical knowledge to a variety of settings.

Participant Selection
Study participants were two remedial Algebra 1 teachers from the School District of
Hillsborough County (SDHC). The following criteria guided the selection of participants:
(1) Teachers must have a minimum of two years of teaching experience with remedial
Algebra 1 students.
(2) Teachers must have at least two years of experience using mathematical discourse as
a major teaching and learning strategy.
By requiring at least two years of experience in teaching a remedial Algebra 1 course and
in implementing discourse strategies, I hoped to minimize any confounding variables related to
teacher inexperience that could impact the results of the study (Ary et al., 2010).
The Supervisor of Secondary Mathematics for Hillsborough County sent an email to 80
remedial Algebra 1 teachers that met the above criteria. The email described the study, the
requirements for participation, and a call for volunteer participants. Five teachers responded to
the email expressing interest in participation. Three of the responding teachers utilized the
AgileMind Intensified Algebra 1 textbook, and two of them utilized the Springboard Algebra 1
textbook. From this list, I randomly selected one AgileMind Intensified Algebra 1 teacher and
one Springboard Algebra 1 teacher.
Prior to the start of the study, the two selected participants completed a survey (Appendix
A) via an online electronic survey platform. The purpose of the survey was to obtain background
information regarding the teachers’ level of experience, their beliefs regarding mathematical
discourse, whether or not they utilized their textbook for the planning and facilitation of
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mathematical discourse, and the demographics of their remedial Algebra 1 classes. The poll
results indicated that the teachers had similar beliefs regarding mathematical discourse, and both
indicated they utilized their textbook to plan and facilitate mathematical discourse. One teacher
had three more years’ experience than the other in teaching in general (one had ten years’
experience while the other had seven years’ experience). The more experienced teacher had two
more years’ experience than the other (eight years and six years respectively).
The two teachers’ schools differed demographically. One is a rural school with a total
minority enrollment of 53% with 51% of students considered economically disadvantaged. The
second school is an urban school with a total minority enrollment of 90% with 77% of students
considered economically disadvantaged. The students in Teacher A’s Remedial Algebra 1 classes
consisted of a total of 76 students; 36 males and 40 females. Of those students, 10% identified as
African American, 74% identified as Hispanic, and 16% identified as Caucasian. Additionally,
86% of the students were classified as economically disadvantaged, 29% were English Language
Learners, and 7% received support for a learning disability. The students in Teacher B’s
Remedial 1 classes consisted of a total of 62 students; 31 males and 31 females. Of those
students, 35% identified as African American, 63% identified as Hispanic, and 2% identified as
Caucasian. Additionally, 94% of the students were classified as economically disadvantaged,
16% were English Language Learners, and 13% received support for a learning disability.
Data Collection
I collected data on each of three data strands: (1) textbook language, (2) classroom
observation, and (3) teacher interviews. In this section, I provide the procedures that I employed
during data collection for each of these strands.
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Textbook Language
I used the language analysis framework used by Herbel-Eisenmann (2007) to collect data
related to the voice of the two remedial Algebra 1 textbooks. This framework consists of three
major discourse functions or characteristics that can be used to define the voice and agency of
the text. These characteristics include the interpersonal function, the ideational function, and the
textual function (Table 2).
Table 2.
Description of Major Discourse Functions (Adapted from Herbel-Eisenmann, 2007)
Discourse Function

Description
Focus on the relationships, power, and authority established in a
Interpersonal Function text. This function includes examination of the inclusivity,
exclusivity, and modality of the text.

Ideational Function

Textual Function

Focus on who is involved in doing what kinds of processes as well
as the depiction or suppression of agency. This function includes
examination of the transformation of processes into objects by
removing the person who is doing the action from the clause
(nominalization)
Focus on the way the text is constructed as a whole. This function
includes examination of recurring themes, reference to past events,
use of particular reasoning, and other ways the text maintains
consistency.

I used the electronic versions of each textbook to gather information. Each textbook was
provided in portable document format (pdf). I converted these digital pdf texts to Microsoft
Word format to allow the use of the search function within the word processor to facilitate
identification of keywords and phrases.
Teacher Interviews
I conducted a total of ten semi-structured teacher interviews. I held three pre-observation
interviews and three post-observation interviews with Teacher A. Due to school mandated
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constraints related to end-of-year standardized testing, I was only able to hold two preobservation and two-post observation interviews with Teacher B. I conducted these interviews
before (pre-observation) and directly following (post-observation) each classroom observation. I
conducted the pre-observation interviews a maximum of three days before the date of the related
observation based upon the teacher’s availability. Conducting the interviews within this time
frame reduced the possibility of needed changes to the teacher’s lesson plans due to schoolwide
schedule changes or student needs. The purpose of the pre-observation interviews was to gather
information about how the teacher used the textbook to plan for the mathematical discussions
that met the goals of each lesson. I included the protocol for these interviews in Appendix B.
I conducted the post-observation interviews during a mutually agreed upon time during
school hours on the same day as each classroom observation. The purpose of these interviews
was to record the teacher’s reflection on the use of the textbook as a tool for facilitating
discussions during the lesson and on the effectiveness of the teacher’s discourse plan. I included
the protocol for these interviews in Appendix B.
Additionally, I met with each teacher two weeks before the first pre-observation interview to
introduce myself and the study, collect the signed informed consent form, and answer any
questions the teachers had.
The interviews took place in each teacher’s classroom. I audiotaped each session (except the
introductory interview) to guarantee the accuracy of records and to permit me to focus on the
teachers’ responses. I provided each teacher the opportunity to review the transcripts to ensure
accuracy and to ask any follow-up questions or provide additional comments. Neither teacher
requested changes nor additions to the transcripts following their reviews. Interviews lasted no
longer than thirty minutes per session. Since I conducted semi-structured interviews, these
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protocols served only to initiate discussions and to ensure that I met the goals of the interview.
Actual interview questions varied based on the content and the direction of the actual discussion.
I stored the digital recordings as separate files on a secured, dedicated flash drive.
Classroom Observations
I performed five classroom observations over nine weeks (one observation every three
weeks) to gather data related to how the teachers used the textbooks in the facilitation of
mathematical discourse in their remedial Algebra 1 classroom. I observed of Teacher A’s
lessons. Due to school mandated constraints related to end-of-year standardized testing, I was
only able to observe two of Teacher B’s lessons.
I recorded data using an observation tool based on a framework developed by HuffordAckles, Fuson, and Sherin (2014) (Appendix C). I modified this framework based on the
practical use of the tool during observations and coaching sessions in my role as an instructional
coach during the 2017-2018 school year. Ackles et al. originally designed the framework as a
rubric to monitor the progression of discourse levels in the classrooms of teachers participating
in professional development aimed at the improvement of mathematical conversations to
enhance student learning. I inserted rows below each level description to record the number of
times I observed the indicated behavior during the lesson. I also added a column for recording
field notes. Although the original rubric provides a useful tool for gathering information related
to the depth of the discourse facilitated by the teacher (Hufford-Ackles et al., 2014), I was able to
extend this information by including how often and in what ways the teacher used the textbook
to achieve each level observed.
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I transcribed my handwritten observation data into electronic format using a qualitative
analysis program and saved each observation transcription as a separate file on a secured,
dedicated flash drive.
Ethical Considerations
To give attention to any ethical considerations that may arise during the course of this
study, I adhered to all guidelines set forth by the Institutional Review Board (IRB) of the
University of South Florida and the School District of Hillsborough County. The following
procedures and documents were required for submission to each entity prior to conducting this
research.
Institutional review board (IRB) requirements
Due to the teacher interview and classroom observation components of my study, I submitted
research applications and supporting documentation to the University of South Florida (USF)
and the School District of Hillsborough County (SDHC) before collecting data. In this section, I
provide the specific requirements for each entity.
University of South Florida. The IRB application for this study was submitted
electronically through the Academic Regulations Committee (ARC) portal. The documents that I
include in this application include:
•

Application. The application process involved the creation of a new study through the
ARC portal and the completion of the eIRB SmartForms relevant to this study.

•

Informed consent forms. Each teacher involved in the study was required to sign this
form that outlines the purpose of the study, the study procedures, risks, and other
information related to the participant’s involvement in the study.
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•

A copy of my approved research proposal including all study instruments and
protocols.
School District of Hillsborough County. As required by school district policy, I
provided the following documents to the School District of Hillsborough County
Office of Strategy Management. I submitted all documents electronically via
email per school district requirements.

•

Application to conduct research.

•

Informed consent forms.

•

A copy of my approved research proposal.

•

Letter to parents describing the research study. Parental consent and student assent
forms are not required for this study per The U.S. Department of Health and Human
Services (HHS) Regulation 45 CFR Part 46, Subpart A, 46.117, paragraph (c) (U.S.
Department of Health and Human Services, 2009).

•

A letter from principal/teacher granting permission to conduct research in their
school/classroom.

•

Evidence of human subject research training within the last five years.

•

Evidence of University of South Florida IRB approval.

To protect the identity of the participants, I assigned both teachers and schools pseudonyms.
Since they are neither participants nor subjects of focus in this study, I had no interaction with
students and did not use identifiable student information in any manner during this study. Data
related to the performance of teachers, students, or schools are not part of this study, so
participants were not vulnerable to personal or professional scrutiny based on performance. As a
result, the risks posed to schools, teachers, and students in this research was minimal. The results
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of the research, however, may be beneficial in providing teachers and schools with additional
tools and perspectives that can improve the educational experiences for all students.
As the principal investigator, I supervised the security of the data collected throughout the
course of the research. I kept the flash drives containing digital recordings and field notes in a
securely locked drawer in my office. I will destroy all digital recordings and transcriptions five
years after completion of the research as per University of South Florida policy.
Data Analysis
This mixed-methods study (Creswell & Clark, 2011) examines the content of remedial
Algebra 1 textbooks as well as teacher use of these textbooks for planning and executing
mathematical discussions. The purpose of the study was to explore how mathematics textbooks
may be used as a tool in the planning and facilitation of mathematical discourse in secondary
remedial Algebra 1 classrooms. Specifically, this investigation sought to answer the following
questions:
1. In what ways do the language and structure of two standards-based remedial Algebra
1 textbooks present opportunity for the sharing of mathematical understanding
through classroom discourse?
2. How is a standards-based textbook used by two remedial Algebra 1 teachers in the
planning and execution of mathematical discourse related to daily lesson objectives?
Convergent parallel mixed methods designs require each strand of data be analyzed
separately according to its data type (quantitative or qualitative) (Creswell & Clark, 2011). The
results of each of the separate analyses are then triangulated to form “meta-inferences” (Teddlie
& Tashakkori, 2009). In this section, I provide an overview of the data analysis processes for
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each strand and conclude with a description of the method I used to triangulate the individual
results.
Textbook Language
The primary role of this data strand is to describe the tone of the two remedial Algebra 1
textbooks included in this study. Specifically, the goal is to determine the primary role of the
student (reader) and how the relationship between the author and reader is constructed through
the linguistic choices made by the authors (Herbel-Eisenmann, 2007). How these roles are
defined can have a direct impact on the nature of the discourse held within the classroom
environment.
For this analysis, I used a framework developed by Herbel-Eisemann (2007) based on the
work of Halliday (1978) and Morgan (1996). The framework analyzes specific words and
phrases to determine the interpersonal, ideational, and textual functions of the text. I used both
the electronic and written versions of the textbooks, analyzing only those units related to the
lessons I observed. To begin the analysis, I identified the total number of words contained in
each unit using the Word Count feature of the word processor. The total word count was used to
calculate the relationship of keywords used to identify each of the major discourse functions with
the other words used in the text.
As described by Herbel-Eisenmann (2007), I analyzed the textbooks by focusing on the
use of imperatives, questions, pronouns, modal verbs, and nominalizations in each unit. By
manually searching the written version of each unit, I first highlighted and recorded any
imperatives (regardless of context). Imperatives are words used as commands or requests (e.g.,
find, calculate, determine, describe). They are important in the analysis of this study because
they help to identify the role of the student within the mathematical community (interpersonal
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function). Inclusive imperatives position the reader to be an individual thinker, and exclusive
imperatives require the reader to construct, build and share their ideas (Rotman, 1988). After
identifying the imperatives in the written text, I used the search feature of Microsoft Word with
the electronic version to determine the number of occurrences of each imperative. Using a
printed list of each occurrence identified in the electronic search, I used the written version of the
text to further examine the context in which each imperative was used. This allowed for the
elimination of occurrences in which the word was not actually used as an imperative. A final list
of imperatives contained within the textbook was compiled using an electronic spreadsheet and
then sorted into two categories: inclusive imperatives and exclusive imperatives.
Next, I searched each unit electronically for question marks. This allowed me to identify
the questions asked in each unit. I compared the number of questions to the total number of
imperatives found. Because questions tend to be inclusive while imperatives can be either
inclusive or exclusive, this comparison provides an additional indicator of the inclusivity of the
text. A text written using language that is predominantly inclusive is more likely to promote
discussion and cooperative learning while text written in a predominantly exclusive language is
more likely to promote individual thinking and learning (Rotman, 1988).
Following the analysis of imperatives and questions, I manually searched the written
versions of the texts for pronouns which I highlighted and record in an electronic spreadsheet.
First-person pronouns indicate the author’s authority or involvement with the activity. The
second-person you pronoun is an indication that the reader is being directly addressed. After
constructing a printed list of these pronoun occurrences, I categorized all you pronouns according
to their context (Table 3).
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These you categories describe characteristics related to all three discourse functions
(Table 3). Modal verbs precede another verb and demonstrate the level of certainty of a
statement (e.g., will, would, could, must, may). The strength of the modal verb is an indication of
who (the author or the reader) holds power or authority within a text. For example, an author’s
choice to use modal verbs such as must, should, and would indicates that the author is confident
in the statement made and therefore becomes the authority. Alternatively, the author’s choice of
modal verbs such as can, might, and may uncertainty about a statement and thereby reduce the
author’s power or authority. Modality is indicated through the You + modal verb and You +
hedged verb (e.g., “you probably discovered”) categories. Hedges modify the degree of
conviction with which something is asserted (such as “you might have found”) and are another
indication of modality.
Table 3.
“You” forms.
Form
You + verb

You + modal verb

Inanimate object (as subject) +
animate verb + you (as direct
object)
You + hedged verb

Indication

Discourse Function

The author tells the reader
what they know instead of
allowing the reader to share
what they know.
The author tells the reader
what they will do next to
preserve continuity
The author removes or masks
human agency using processes
(or inanimate objects) without
indication that they are
performed by anyone
The author’s statement is
vague or uncertain

Interpersonal
Ideational
Textual
Interpersonal
Textual

Interpersonal
Ideational

Ideational

Note. Adapted from From intended curriculum to written curriculum: Examining the" voice" of a
mathematics textbook by Herbel-Eisenmann (2007).
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Nominalization is the use of adjectives or verbs as nouns and is a characteristic of the
ideational discourse function (Herbel-Eisenmann, 2007, Morgan 1996). For example, the noun
decision is a nominalization of the verb decide. In mathematics, nominalizations often occur as
the result of forming processes into objects (Morgan, 1966) as indicated when the process of
rotating becomes the object rotation. Nominalization veils agency be removing the person who
is doing the action from the clause” (Herbel-Eisenmann, 2007, p. 351). To address
nominalization in the texts, I manually searched, highlighted, and recorded any nominalizations
found in the written version of the textbooks. I then used the Search feature of Microsoft Word to
determine the number of occurrences of each nominalized word found. I also included the
inanimate object (as subject) + animate verb + you (as direct object) phrases found during the
you pronoun search in the analysis for nominalization.
Table 4.
Discourse Level Codes
Discourse Level
Level 0

Level 1

Level 2

Level 3

Description
Traditional teacher-directed
classroom with brief answer
responses from students
Teacher pursues some student
mathematical thinking but still
plays a central role in the
math-talk community
Teacher helps students build
roles. Some co-teaching and
co-learning begin. Student-tostudent talk increases
Teacher serves as co-teacher
and co-learner. Teacher is
more peripheral and serves as
monitor
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Level Code
L0

L1

L2

L3

Classroom Observations
This data strand serves two purposes: (1) to determine the discourse level that occurred as a
result of each teacher’s planning process using the textbook, and (2) to compare the teachers’
planned discourse strategies to the strategies actually implemented. To determine the level of
discourse observed during the lesson, I coded the discourse levels (Table 4) and recorded the
number of times that each level was identified during this lesson. To assign an overall discourse
level for each observation, I calculated the percentage of occurrence at each level. The highest
percentage of occurrence determined the overall discourse level for the lesson.
Table 5.
Thematic Codes Used for Classroom Observation Data Analysis
First
Cycle
Code

Description

Second
Cycle
Code
TST

TS

Discourse involved the teacher
and a single student
TSS

SS

WC

Discourse involved a discussion
between students working in
pairs.

Discourse involved the teacher
addressing the class as a whole.

PSP

Description
Teacher posed question, one student
provided answer, teacher justified answer or
explained.
Teacher posed question, one student
provided answer, student justified answer
Peer asks student a question. Student tells
student answer. Peer asks clarifying
question.

SP

Student tells peer how to do problem. Peer
does not ask questions or offer input.

CR

Teacher asked question and prompted for
choral response

TA

Teacher asked question, but when no
answer, provided answers.

I transcribed the notes recorded during each observation using a qualitative data analysis
software and analyzed them using a thematic analysis approach (Miles et al., 2013). I conducted
the coding process in two cycles (first cycle and second cycle coding) as described by Miles,

63

Huberman, and Saldana (2013). During the first cycle, I reviewed the transcribed observation
field notes and assigned codes to data chunks to detect recurring patterns. I used descriptive
codes (Miles et al., 2013) that assigned labels to data to summarize the basic topic of a data
chunk. “Descriptive codes are especially helpful for studies with a wide variety of data forms
such as field notes and interview transcripts” (Miles et al., 2013, p. 74) which makes them
appropriate and relevant to my study. I created, defined, and recorded all codes that emerged
during the first cycle (Table 5).
The purpose of the second cycle was to reduce the first cycle codes into smaller
categories, themes, or constructs called pattern codes (Miles et al., 2013).
To accomplish this, I reread through all data chunks identified by a particular code looking for
patterns, themes, and explanations related to how discourse was utilized during classroom
discourse. I repeated this process for each code developed during the first cycle. Upon
completion of the second cycle, I noted and recorded any overarching and common themes
regarding how the teachers facilitated classroom discourse that emerged from the coding process
(Table 5).
Teacher Interviews
Before beginning an analysis of the teacher interview data, I transcribed all audio
recordings using qualitative data analysis software. I stored the transcriptions on a flash drive as
individual files. After the initial transcription, I read the transcripts while listening to the audio
recordings to assess accuracy.
I analyzed the transcribed interview data using the same thematic analysis process I used
for the classroom observation data. I chose this method because (1) it is one of the most widely
used qualitative approaches to analyzing interviews (Galetta, 2013, Grbich, 2013), and (2) a
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“rigorous thematic approach can produce an insightful analysis that answers particular research
questions (Braun & Clarke, 2006, p.97).
Table 6.
Thematic Codes Used for Pre-observation Interview Data Analysis
First
Cycle
Code

DGP

TPP

TJP

Description

Discourse Goal Pre-Observation

Textbook used for planning
Pre-Observation

Teacher Justification for
Textbook Use in Planning

Second
Cycle
Code

Description

TGTS

Teacher generated teacher-student discourse

SGTS

Student generated teacher-student discourse

TGPTP

Teacher generated peer-to-peer discourse

SGPTP

Student generated peer-to-peer discourse

SL

Student-led discourse

SP

Teacher planned to group students in pairs

WC

Teacher planned whole-class discourse

TEQ

Teacher planned discourse using exact
textbook questions.
Teacher planned discourse using modified
textbook questions

TMQ
CONT

Teacher planned discourse based on
contextual tasks provided in textbook

TT

Teacher trust in textbook to initiate
discussion

QD

Teacher justified use based on question or
context difficulty level.

TIME

Teacher justified using time constraints

During the first cycle, I reviewed the interview transcripts and assigned codes to data
chunks to detect recurring patterns. I used an open coding process wherein I defined and
assigned descriptive codes to summarize the basic topic of a data chunk (Miles et al., 2013).
“Descriptive codes are especially helpful for studies with a wide variety of data forms such as
field notes and interview transcripts” (Miles et al., 2013, p. 74) which makes them appropriate
and relevant to my study. I created, defined, and recorded all codes that emerged during the first
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cycle. I provide the thematic codes used for the pre-observation interview data in Table 6 and the
codes for the post-observation interview data in Table 7.
Table 7.
Thematic Codes Used for Post-observation Interview Data Analysis
First
Cycle
Code

Description

TSD

Teacher was satisfied with
discourse

TMSD

TC

Teacher was most satisfied with
discourse

Textbook Contribution

Second
Cycle
Code

Description

MG

Teacher felt the discourse met all discourse
goals.

MMG

Teacher felt discourse met majority of goals

TSG

Teacher felt teacher-student met goals, but
not peer-peer goals

AG

Teacher was mostly satisfied with discourse
but felt some teacher-student and some peerpeer discourse could have been improved.

CQ

Teacher felt textbook contributed questions
that assisted with discourse

CC

Teacher felt textbook provided contexts that
contributed to discourse

ND

Teacher would not utilize textbook for
planning differently

Data Triangulation
Triangulation seeks convergence, corroboration, and correspondence of results from the different
methods (Greene et al., 1989). The use of triangulation methods helps to increase the validity of
the study and the trustworthiness of the study by comparing the results of multiple methods used
to investigate a common phenomenon to corroborate the evidence and justify the conclusions
drawn (Creswell & Clark, 2011; Patton, 2015). Mixed-methods triangulation typically involves
comparing and integrating the results of qualitative methods with those of quantitative methods
(Patton, 2015). In this study, the data from observations and interviews (qualitative) were
compared with the results of the textbook analysis (quantitative). The resulting common themes
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were used to describe how textbooks can contribute to the planning and execution of
mathematical classroom discourse.
To accomplish this process, I constructed a triangulation matrix (Sagor, 2010) that
compared the findings from each phase of my data analysis (textbook analysis, interviews,
observations) as they related to the research question. The template for this matrix is provided in
Figure 4. I used the matrix to draw conclusions based not only on evidence corroborated by each
phase of data analysis but also on differences in the findings. “Understanding inconsistencies in
findings across different kinds of data can be illuminative and important” (Patton, 2015).

AgileMind Intensified
Algebra 1

Springboard Algebra 1

Overall Inclusivity or
Exclusivity of Text
Who controls the
knowledge?
Teacher Goals for Discourse
How textbook was used for
planning
Teacher justification for how
they use the textbook as
resource for planning
discourse
Observed discourse level

Figure 4. Triangulation Matrix Template.
Credibility Measures and Quality Indicators
Credibility/validity concerns the accuracy or truthfulness of findings. The term credibility
is primarily used in qualitative research whereas the term validity is primarily used in
quantitative research (Ary et al., 2010). I used several measures in this study to increase
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credibility/validity and to establish greater confidence in my findings. In the qualitative phases of
the study, I employed structural corroboration – “a means through which multiple types of data
are related to each other to support or contradict the interpretation and evaluation of a state of
affairs (Eisner, 1998, p.110) – through data triangulation. Specifically, I compared interview data
for each participant for consistency across interviews, and I compared interview data to
classroom observation data. I also employed member checks by providing participants with the
transcribed interviews as well as my interpretations of the data to ensure that I did not
misinterpret or misrepresent their statements. Member checking is a form of referential evidence
used to accurately portray the meaning conveyed by participants and the degree to which their
experiences are accurately understood (Ary et al., 2010; Creswell & Clark, 2011). To further
increase the credibility/validity of the final interpretations, I compared the results of the
qualitative and quantitative stages of the study and triangulated the data. The use of triangulation
in mixed-methods research is a common and acceptable way to increase the credibility/validity
of a study (Creswell & Clark, 2011).
Dependability/reliability concerns the consistency of behavior or the extent that findings
would be similar if the study were replicated (Ary et al., 2010). The term dependability is
primarily used in qualitative research whereas the term reliability is primarily used in
quantitative research. Interrater reliability is the extent to which raters judge phenomena in the
same way (Vogt & Johnson, 2011) and is a common method used to increase the
dependability/reliability of a study (Ary et al., 2010; DeCuir-Gunby & Schutz, 2016). To
increase dependability/reliability in this study, I had a second rater perform a textbook analysis
using the same framework described in this proposal in parallel with my analysis. The second
rater is a professional technical writer with over ten years of experience in writing, analyzing,
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and editing text and publications. Upon completion of each separate analysis, we compared our
results. I determined the percentage of counts found using the textbook analysis framework that
was found to be the same in each of our analyses. When the interrater agreement percentage was
less than 90% for any construct, we conducted a joint re-analysis of that construct. According to
Altman (1991), an interrater reliability percentage between 81% and 100% indicates a “Very
Good” strength of agreement (Table 7). The Kappa value shown in this table is the decimal
equivalent of the agreement percentage.
Table 8.
Altman’s Interrater Kappa Benchmark Scale (1991)
Kappa Statistic

Strength of Agreement

< 0.20

Poor

0.20 to 0.40

Fair

0.41 to 0.60

Moderate

0.61 to 0.80

Good

0.81 to 1.00

Very Good
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Chapter 4: Results
The purpose of this mixed-methods study is to explore the use of a standards-based
remedial Algebra 1 textbook as a tool to support teachers in their facilitation of mathematical
classroom discourse. Here, in keeping with the purpose of this study and its intended audience,
mathematical discourse is defined as dialogical discourse wherein students engage in verbal
discussions about math that requires them to vocalize their understanding of concepts through
the interchange of ideas and reasoning with their teachers and peers. Because this definition is
grounded in two-way communication, the terms discussion and conversation may be used
synonymously with the term discourse. In this chapter, I present results based on data gathered
during the analysis of select units of two standards-based textbooks used in the remedial Algebra
1 classrooms of two different Florida public high schools, three classroom observations in each
school, and pre- and post-observation interviews conducted with the teachers of those courses. I
present the quantitative results first, followed by the qualitative results and the data triangulation
results. The following research questions guided my inquiry:
1. In what ways do the language and structure of two standards-based Algebra 1
textbooks present opportunity for the sharing of mathematical understanding through
classroom discourse?
2. How is a standards-based textbook used by two remedial Algebra 1 teachers in the
planning and execution of mathematical discourse related to daily lesson objectives?
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Quantitative Results
In this section, I share the results of the textbook analysis in which I examined the
interpersonal function of select units of two Algebra 1 textbooks by focusing on the use of
imperatives, personal pronouns, and modality. The purpose of this analysis was to explore the
ways that language used in a mathematics textbook presents the opportunity for the sharing of
mathematical understanding. The framework I used was developed by Herbel-Eisenmann (2007)
based on the works of Morgan (1995) and Halliday (1973). I selected the units included in this
analysis based on the lessons observed. A second rater verified the results through an identical
but independent process. Where discrepancies in counts occurred, we recounted together,
discussed any classification differences related to context, and came to a consensus on the final
counts.
Table 9.
Frequency of Imperatives & Questions by Unit – AgileMind Intensified Algebra 1
Total
word
count

Imperatives

Exclusive
Imperatives

Inclusive
Imperatives

Questions

Topic 13 – Analyzing
Univariate Data

9,967

84

72

12

33

Topic 22 – Quadratic
Models and Equations

8,593

249

201

48

144

Topic 24 – Factoring
and Quadratic Equations

8,444

286

212

74

130

Total

27,004

619

485

134

303

Unit

Imperatives
To establish the context in which the lessons observed were placed, I first examined the
units/chapters in which those lessons were situated. For the AgileMind Algebra 1 textbook (used
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by Teacher A), the three lessons observed were situated within three units (called topics)
consisting of 27,004 words and 1,162 sentences (I did not include titles, labels, or table headers
in the sentence count). Embedded within those sentences were a total of 619 imperatives (1.9%
of the total words) and 303 questions (2.6% of the sentences), as shown in Table 9. Mathematics
textbook authors use questions and imperatives to prompt student engagement with the content
(Morgan, 1996).
For the Springboard Algebra 1 textbook (used by Teacher B), the two lessons observed
were situated within two units consisting of 42,296 words and 3,313 sentences (I did not include
titles, labels, or table headers in the sentence count). Embedded within those sentences were a
total of 1,425 imperatives (3.4% of the total words) and 396 questions (12.0% of the sentences),
as shown in Table 10.
Table 10.
Frequency of Imperatives & Questions by Unit – SpringBoard Algebra 1
Total
word
count

Imperatives

Exclusive
Imperatives

Inclusive
Imperatives

Questions

Unit 5 – Quadratic
Functions

21, 859

1,077

850

167

188

Unit 6 – Probability and
Statistics

20,437

348

157

151

208

42,296

1,425

1,007

318

396

Unit

Total

Across the three units of the AgileMind Algebra 1 text, 78.4% of the imperatives used
were exclusive imperatives, and 21.6% were inclusive imperatives, indicating an emphasis on
learning as an individual rather than a social process. My analysis of these units yielded 66
different imperatives. Since a comprehensive list of all 66 imperatives would not add relevance
or value to the study’s overall results, I present a list of the most common imperatives used
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across the three units (Table 11). The five most commonly used imperatives were “use,”
“explain,” “write,” “find,” and “solve.” The remaining imperatives, which occurred relatively
infrequently as compared to the five most commonly used imperatives listed, were included in
the category labeled “other.” There are nine different imperatives included in the “other”
category for inclusive imperatives and 52 different imperatives included in the “other” category
for exclusive imperatives (Table 11).
Table 11.
Inclusive vs. Exclusive Imperatives Topics 22, 24 & 13 – AgileMind Intensified Algebra 1
Inclusive Imperatives
“Explain”
“Describe”
“Show”
“State”
“Justify”
Other

61
21
11
8
7
26
Total

134

Exclusive Imperatives
“Use”
“Write”
“Find”
“Solve”
“Sketch”
Other

90
53
39
32
30
241
Total

485

Exclusive imperatives, such as “find,” “solve,” “calculate” were most often used to
prompt students to perform some mathematical operation while the inclusive imperatives, such
as “explain,” “describe,” “state,” and “justify” were used to encourage students to share their
ideas and explain their reasoning.
Of the 1,425 instances of imperatives found within the two Springboard Algebra 1 units,
70.7% of the imperatives used were exclusive imperatives, and 22.3% were inclusive
imperatives (Table 12) indicating that the text placed a greater emphasis on “doing” rather than
“talking or sharing.” My analysis of these units yielded 65 different imperatives. Since a
comprehensive list of all 65 imperatives would not add relevance or value to the study’s overall
results, I present a list of the most common imperatives used across the two units (Table 12). The
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five most commonly used imperatives (Table 12) in the two combined units, “graph,” “use,”
“write,” and “solve,” were all exclusive imperatives primarily occurring in a single unit. The
remaining imperatives, which occurred relatively infrequently as compared to the five most
commonly used imperatives listed, were included in the category labeled “other.” There are
twenty different imperatives included in the “other” category for inclusive imperatives and 35
different imperatives included in the “other” category for exclusive imperatives (Table 12).
Table 12.
Inclusive vs. Exclusive Imperatives Units 5 & 6 – Springboard Algebra 1
Inclusive Imperatives
“Explain”
“Describe”
“Justify”
“Show”
“Compare”
Other

85
80
30
24
17
82
Total

Exclusive Imperatives
“Graph”
“Use”
“Write”
“Solve”
“Identify”
Other

318

251
177
141
98
30
310
Total

1,007

Often, questions were immediately followed by either another question or an imperative
such as “explain” or “justify” that prompted the reader to justify their response. For example, the
task presented in Figure 5 includes the questions “Does this relationship appear to be reasonably
described as linear?” It is immediately followed by another question, “Why or why not?”
This follow-up question prompts the reader to justify their response to the previous
question. Although this occurred in both textbooks, it was more prevalent in the Springboard
Algebra 1 text. These combinations seemed to prompt students to consider the answer to a
problem individually and then share their reasoning or justification.
An examination of the individual lessons showed similar patterns. Of the AgileMind
Algebra 1 texts associated with the three Teacher A lessons, 57 of the 212 sentences were
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questions (26.9%), 82 of the 97 imperatives included in the text were exclusive (84.5%), and 15
were inclusive (15.5%) as shown in Table 13.

Figure 5. Example of Question Followed by Justification Question (Collegeboard, 2014, p. 570).
Table 13.
Frequency of Imperatives & Questions by Lesson – AgileMind Intensified Algebra 1
Total
word
count

Imperatives

Exclusive
Imperatives

Inclusive
Imperatives

Questions

Lesson
Topic 13, Lesson 2
Measures of Center

2,506

23

21

2

11

Topic 22, Lesson 6
Solving by Graphing

1,492

43

35

8

32

Topic 24, Lesson 5
Solving
!
𝑥 + 𝑏𝑥 + 𝑐 = 0
by Factoring

1,279

31

26

5

14

5,277

97

82

15

57

Total

75

Within the Springboard Algebra 1 texts associated with the two Teacher A lessons, 17 of
the 76 sentences were questions (19.7%), 43 of the 54 imperatives included in the text were
exclusive (79.6%), and 11 were inclusive (20.4%) as shown in Table 14.
Table 14.
Frequency of Imperatives & Questions by Lesson – Springboard Algebra 1
Lesson
Unit 5, Lesson 30-1
– Translations of the
Quadratic Function
Unit 6, Lesson 37-1
– Dot and Box Plots
and the Normal
Distribution
Total

Total word
count

Imperatives

Exclusive
Imperative
s

Inclusive
Imperatives

Questions

936

34

29

5

4

1,477

20

14

6

17

2,413

54

43

11

21

Table 15.
Inclusive vs. Exclusive Imperatives by Lesson – AgileMind Intensified Algebra 1

Topic 13 – Lesson 2
Inclusive

Exclusive

“Explain” 1 “Find”
2
“Describe” 1 “Compute” 2
“Create”
2
“Decide”
2
“Evaluate” 2
Other
11
Total 2

Total 21

Unit 22 – Lesson 6
Inclusive
“Explain”
“Justify”
“Describe”
“Help”
Other

Exclusive
4
2
1
1
2

Unit 24 – Lesson 5
Inclusive

Exclusive

Total 8

“Use”
12 “Explain” 2 “Use”
“Sketch”
4 “Describe” 1 “Find”
“Complete” 3 “Discuss” 1 “Solve”
“Write”
3 “Show”
1 “Factor”
Other
13
Other
Total 35

Total 5

7
5
5
4
5

Total 26

The text was consistent in its use of “explain” as the most common word used to prompt
readers to share or justify their reasoning in all three lessons. However, the number of inclusive
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imperatives used in each lesson was less than the number of exclusive imperatives used (Table
15 and Table 16), indicating an emphasis on procedure rather than a process.
The top five AgileMind Algebra 1 lesson imperatives were “explain,” “find,” “solve,”
“factor,” and “sketch”. The top five Springboard Algebra 1 lesson imperatives were “complete,”
“use,” “graph,” “identify,” and “write,” all exclusive. Of the 2,413 words in the two combined
lessons, only 11 of them were inclusive.
Table 16.
Inclusive vs. Exclusive Imperatives by Lesson – SpringBoard Algebra 1

Unit 6 – Lesson 37-1

Unit 5 – Lesson 30-1
Inclusive

Exclusive

Inclusive

Exclusive

“Describe”

2

“Complete”

7

“Compare”

3

“Use”

5

“Compare”

2

“Graph”

5

“Contrast”

1

“Create”

3

“Predict”

1

“Identify”

5

“Describe”

1

“Write”

2

“Use”

3

“Explain”

1

“Write”

3

Other

4

Other

6

Total

5

Total

29

Total

6

Total

14

Personal pronouns
Personal pronouns are used to address the reader or author directly, to determine the authority of
a mathematical community, and to involve a reader either as a passive receiver of knowledge or
as an active member of the mathematical community (Herbel-Eisenmann, 2007). In this section,
I present the occurrences of both first-person pronouns (“I” and “we”) and second-person
pronouns (“you”).
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First-person pronouns. The total number of first-person pronouns across the three
AgileMind Intensified Algebra 1 units was eighteen. All thirteen occurrences of “I” occurred
within a single question stem in Topic 24 that quoted a fictional student’s thinking and asked the
reader to find the error in the thinking. Of the five occurrences of “we,” four were used as
reflection prompts after an assessment (“Problems we did well on,” “Problems we did not do
well on”). The fifth occurrence of “we” occurred in Topic 24 (“We can see the factors…”). In
this instance, the context in which “we” was used places the author as the authority in the
mathematical community conveying the desired outcome to the reader (that the factors should be
(x +2) and (x + 3)).

Figure 6. Use of First-person Pronoun “we” (CollegeBoard,2014, p.600).

Within the Springboard Algebra 1 units, there were no occurrences of “I” and ten
occurrences of “we.” The occurrences of “we” were most often found in multiples within a

78

single paragraph or two related paragraphs (see Figure 6). In this context, the author’s use of
“we” established the textbook as the authority in the learning process and was used to tell the
reader what to do or consider next in a process or procedure.
Second-person pronouns. The second-person pronoun “you” directly addresses the
reader and describes his or her expected role within the mathematical community.
Table 17.
You-Forms by Unit and Lesson – AgileMind Intensified Algebra 1

Form

Instances
Topic 13

Instances
Topic 13
Lesson 2

Instances
Topic 22

You + verb

13

7

58

Instance
s
Topic 22
Lesson 6
7

11

1

28

8

3

0
32

You + modal
verb
Inanimate object
(as subject) +
animate verb +
you (as direct
object)
You + hedged
verb
Total

51

Instance
s
Topic 24
Lesson 5
5

0

30

3

4

1

6

0

0

1

0

1

0

14

91

8

88

8

Instance
s Topic
24

Following the framework of Herbel-Eisenmann (2007), I examined four categories of
you-forms. The number of instances for each of the four categories employed by both the units
and the lessons are given in Table 17 (AgileMind Intensified Algebra 1) and Table 18
(Springboard Algebra 1).
Throughout both texts, the “you + verb” form was the most pervasive. I found 76 total
occurrences of the “you + verb” form across the three AgileMind Intensified Algebra 1 units
(Table 17) and 121 total occurrences of the “you + verb” form across the two Springboard
Algebra 1 units analyzed (Table 18). Within the text related to the individual lessons observed, I
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identified a total of 19 “you + verbs” within the AgileMind Intensified Algebra 1 text and 14
within the Springboard Algebra 1 text.
Table 18.
You-Forms by Unit and Lesson – Springboard Algebra 1
Form

Instances
Unit 5

You + verb

48

Instances
Unit 5
Lesson 30-1
7

73

Instances
Unit 6
Lesson 37-1
7

You + modal verb

24

1

58

0

Inanimate object (as
subject) + animate verb
+ you (as direct object)

1

0

5

1

You + hedged verb
Total

1
74

0
8

4
140

0
8

Instances
Unit 6

Figure 7. Example of “you + verb” Used in a Sentence. (AgileMind, 2017, p.275).
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These phrases were used in two ways throughout the text. By using them in sentences
(Figure 7), the authors told the reader about themselves and what they know, thus controlling the
common knowledge (Herbel-Eisenmann, 2007), possibly providing less opportunity for
discussion or debate. Used in questions, the authors prompted the reader for their thoughts

Figure 8. Example of “you + verb” Used in a Question (AgileMind, 2017, p.349).

The third you-form (inanimate object (as subject) + animate verb + you (as direct object))
has inanimate objects rather than people performing activities and is commonly found in
mathematics textbooks (Herbel-Eisenmann, 2007). The use of this form by textbook authors has
the effect of masking agency (Morgan, 1996) and “portraying mathematics as a system that can
act independent of humans.” Interestingly, I found a minimal number of occurrences of this youform in both texts. This departure from the frequent use of this form in traditional textbooks
indicates the authors’ standards-based definition of the reader as an active participant in the
creation of knowledge.
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The AgileMind Intensified Algebra 1 textbook used objects (e.g., graphs, tables) in this
way a total of 18 times across the three units analyzed and only four times across the texts of the
three lessons observed (Table 9). In most of these instances, the object was used to “tell” the
reader the solution or answer to a problem (or where to find it). For example, “These two graphs
can give you some insight about the center of the data” (p. 541) and “What does the graph tell
you about the quadratic equation” (p. 391) lets the reader know that no mathematical calculation
or process need be performed since the answer to each question has already been determined and
can be found by consulting the provided graph. In this way, the author controls the knowledge by
directing the reader how to find the answer.
The Springboard Algebra 1 textbook used this form a total of six times across the two
units analyzed, and only once in the texts of the two observed lessons (Table 10). Rather than
having objects such as graphs and tables providing solutions, this textbook often used the
inanimate you-form to direct the reader to analyze the result of a previous process or calculation
to extend knowledge, often in the form of a question. For example, “What would these results
tell you about the people in your class?” (p. 536) and “Did the mean and range help you to
identify these differences?” (p. 524).
Modality
Modal expressions are used to convey the certainty of an opinion or statement and to
control a possible action. In this study, I examine the modality to examine agency further. By
using modal and hedged verbs, mathematics textbook authors determine whether the reader or
textbook controls the knowledge.
I identified a total of 23 occurrences of “you + hedged verb” forms across the units
analyzed in both textbooks combined. This relatively low usage of hedged verbs indicates a high
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degree of certainty in the verbs associated with the word “you” and establishes the textbook as
the authority in the construction of mathematical knowledge.
The AgileMind Intensified Algebra 1 textbook utilized this form 2 times within the three
units analyzed with no occurrences found in the text related to the observed lessons (Table 17).
In both instances found, the hedge used was “may” (“you may find…”). The Springboard
Algebra 1 textbook utilized the form only five times within the two units analyzed with no
occurrences found in the text related to the observed lessons (Table 18). The hedge “might” (e.g.
“you might think…”) was used three times, and the hedge “may” (e.g. “you may choose…”) two
times.
Modal verbs, indicating the author’s confidence in their knowledge (Herbel-Eisenmann,
2007), were prevalent throughout the units examined in both textbooks (a total of 151).
However, only five occurrences (four in the AgileMind Intensified Algebra 1 text and one in the
Springboard Algebra 1 text) were found in the texts associated with the observed lessons. (Table
17 and Table 18). The modal verbs “would,” “can,” and “will” were the most commonly used in
both texts and were most often used to indicate where mathematics was to be used (see example
Figure 9).

Figure 9. Example of “you + modal verb” (CollegeBoard, 2014, p.579).
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Summary of Quantitative Findings
An inclusive mathematics textbook is one in which the reader is “included” as an active
member of the mathematical community. Through encouragement to share thoughts, ideas, and
strategies, an inclusive text situates the reader as a co-constructor of knowledge. Conversely, an
exclusive mathematics textbook is one that situates the reader as a passive member of the
mathematical community. In an exclusive text, the textbook authors control the knowledge.
Consequently, textbooks written using inclusive language and structure can provide greater
opportunity for the sharing of mathematical understanding through discourse than those written
using exclusive language and structure.
The quantitative findings presented here provide evidence that despite their standardsbased designation, both textbooks included in this study are predominantly exclusive in both
their language and structure. The overwhelming use of exclusive imperatives throughout the
units analyzed implies that the knowledge has already been predetermined. The reader needed
only to use it to execute an operation (Rotman, 1988). Additionally, the pervasive use of “you
+verbs” that tell the reader what they know or what they did and of “you + modal” verbs which
demonstrated the author’s confidence in what the reader did or discovered situate the author as
the controller of the knowledge in both textbooks (Edwards & Mercer, 1987).
Qualitative Results
In this section, I present the results of my analysis of the ten semi-structured teacher
interviews and five classroom observations I conducted for this study. I begin with the results of
the teacher interview analysis followed by the classroom observation analysis.
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Teacher Interviews
The purpose of this analysis was to explore the perspectives of two remedial Algebra 1
teachers related to their use of their textbooks in the planning of mathematical classroom
discourse. The analysis included five pre-observation interviews and five post-observation
interviews (three each with Teacher A, and two each with Teacher B). The interviews were semistructured with four pre-determined pre-observation questions and six pre-determined postobservation questions (see Interview Protocols Appendix B). I posed additional questions during
the interviews as needed to clarify or expand on teacher responses. I present the results of my
thematic analysis of these interviews with the pre-observation interview results presented first,
followed by the post-observation results.
Pre-observation interviews. I conducted pre-observation interviews to gain insight into
the teachers’ goals for their mathematical discourse, to identify the materials they used for
planning, and to determine how and why teachers used the textbook as a resource to plan their
classroom discourse. I have organized the results into two categories: (1) Teachers’ goals for
mathematical discourse, and (2) Use of textbooks and other materials for planning discourse.
Teachers’ goals for mathematical discourse. The interviews conducted before each
observed lesson indicated that neither teacher established formal goals for their mathematical
discourse as part of their planning process. When responding to the question, “What are the goals
for the types of discussions you would like to facilitate during the lesson?” (Pre-Observation
Interview Protocol, Appendix B) both teachers initially responded that they were unsure of the
goal, or they responded with goals that were not clearly defined (see Table 19). However, after
some thought, however, they did explain their vision for their classroom discourse. These
explanations revealed two major implications as related to how the two teachers used their
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textbooks to plan for mathematical discourse: (1) the teachers’ reliance on the textbook questions
both to determine what knowledge should be included in classroom discussions and to guide the
direction of the classroom discussions, and (2) the teachers’ view of classroom discourse
primarily as a series of question-answer exchanges that relied primarily on the questions,
exercises, and tasks provided in the textbooks. It is noteworthy that on the third and final preobservation interview, Teacher A immediately responded with a more clearly defined, predetermined discourse goal rather than with a goal that was created only as a response to the
interview question. One possible explanation for this anomaly is that since she had already
participated in two previous pre-observation interviews, Teacher A was able to anticipate this
question. As a result, she may have constructed her response in preparation to respond to my
expected question.
Within each teacher’s explanation of their discourse goals, there was consistent language
that indicated a plan to allow discourse to evolve, but no explanation as to how they would
scaffold that evolution. For example, for the first observed lesson, Teacher A refers to a
progression in which her goal is for students to help each other overcome misconceptions
through student-led conversation (Table 19), but there was no indication of a goal or plan to
scaffold that progression nor an indication of how the students would demonstrate they are ready
for student-led discourse. When asked if she considered possible student misconceptions when
planning discussion prompts to scaffold student-led discourse, Teacher A responded, “the book
does a pretty good job of presenting problems that highlight the misconceptions, so I don’t really
have to plan that in advance.” This response supports a conclusion that the teachers relied
heavily on the textbook to initiate and scaffold classroom discourse. In fact, during the preobservation interviews, both teachers often explicitly expressed their trust and reliance on the

86

textbook practice problems they assigned to students during class time to drive student
discussion.
When asked what they would need to hear or see to know their discussion goals had been
met, both teachers consistently responded that they were not sure. Since both teachers indicated
that the textbook is their primary resource for discourse planning, this lack of established
evaluation criteria is consistent with a reliance on the questions posed in the textbook to not only
determine the knowledge to be constructed during the discourse but also provide the prompts to
ensure that the discourse goals are achieved. After some consideration of their discourse
evaluation criteria, their responses fell into one of three themes: (1) the number of students that
posed questions based on the task or problem assigned, (2) whether or not students were working
with their partners or choosing to work alone, and (3) their assessment of student understanding
based on correct answers to posed problems and tasks. Each of these themes also highlights the
teachers’ reliance on the textbook questions and exercises to foster classroom discourse and
reveals their view of classroom discourse as a series of question-answer exchanges (with an
emphasis on teacher-student exchanges).
One of the discourse goals for each teacher was for the students to ask them questions.
For example, when asked to provide their discourse goals for the first observed lesson, Teacher
A stated, “I want the kids asking questions to me,” and Teacher B stated, “Hopefully they will
start asking me questions.” To ensure I was interpreting their comments correctly, I posed the
same question to both teachers as a follow up to their initial response, “So to clarify, your
discourse goal is for students to ask you questions?” Both responded in the affirmative. These
statements are consistent with a view of classroom discourse as a series of question-answer
exchanges between student and teacher – a view that is consistent with traditional mathematics
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practices rather than the process-focused, inquiry-based view of mathematical discourse defined
in standards-based mathematics.
Table 19.

Teacher Identified Goals for Mathematical Discourse
Teacher

Goals for observed lesson 1

Goals for observed lesson 2

Goals for observed lesson 3

Teacher A

“I don't know, but it's
going to be kind of an
introductory lesson about
solving by graphing. So,
a lot of the discussions, I
want the kids to asking
questions to me, so we'll
see how that works. Now
if it progresses to where
they can work more
independently, what the
discussions will be then is
to clear up
misconceptions of the
other students and that
will be student led.”

“Well in this lesson they
are looking at the realworld application of
driving while texting
versus the response to an
accident when you're not
on the phone, so a good
conversation is going to
come from this to get them
to see that there is a
significant difference
when somebody is on their
phone. The discourse here
is going to be more like,
not maybe, maybe not
terminology but for me to
make sure that they're
correct. But that discourse
is essential in this lesson.”

“My discussion goals for
this lesson are for
students to discover
factoring as a way for
them to determine the
zeros of a function or the
x-intercepts of a
quadratic graph. I will
give them a quadratic
equation and have them
work in pairs to find the
zeros without telling them
how. Then I will ask them
to share their ideas with
the rest of the class, ask
them how they know their
answer is correct, and
have the other students
give feedback. If they get
stuck, I have written some
scaffolding questions that
I will ask to help.”

Teacher
B

“Let me think about this.
Well everything that we
will do is related to the
graph. Okay. So most of
the discussion will
revolve around the
vocabulary that you use
to describe the graph… I
think I want to them to
evolve. I will get them
started because they are
intensive kids, you know,
they cannot just start by
themselves, and hopefully
they will start asking me
questions.”

“Students will work
individually and they
might compare answers. I
will let them do a problem
and then they will be able
to compare answers
before we play the video
game to give them the
final answers. I will only
use discussion to have
them compare answers.”
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Teacher A’s goal for observed lesson 2 was initially unclear, but when I asked her to
clarify her response, she explained that she initially envisioned them discussing the context of an
overarching task as a class. She intended to pose questions and solicit student responses to those
questions. She would place them in pairs and ask them to “work together” to solve problems
related to the context of the task. This intention aligns with Teacher B’s goal for the second
observed lesson – to have students engage in discussion with a partner. However, Teacher A
continued her explanation, “After they work on the problem in pairs, I will bring them back
together as a class and have them present their answers and justify them. I will also prompt them
to ask each other questions.” This explanation implies a third overarching discourse goal of
having students engage in student-generated discourse with each other as a classroom
community. Teacher A’s discourse goal for observed lesson three explicitly identified both the
goal of having students engage in student-generated discourse with each other and the goal of
having students engage in discussion with a partner.
Use of textbook and other materials for planning discourse. Both participants indicated
that they used their textbook as the primary resource for planning mathematical discourse for the
lessons observed. Teacher A used the AgileMind Intensified Algebra 1 textbook as the sole
resource in planning discourse for all three lessons included in this study: “When I’m planning, I
use the textbook as my guide, so I would say that my planning is 100% based around the text.”
Although Teacher B used the Springboard Algebra 1 textbook as the primary resource
used for planning classroom discourse for both lessons included in this study, she also
incorporated a video developed by a different publisher as a secondary source for Unit 6, Lesson
37-1. Neither teacher used nor referred to any of the teacher resources provided by the textbook
publishers.
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I had two primary foci for this portion of the interviews (1) to determine what features or
attributes of the textbook the participants utilized in planning mathematical discourse and (2) to
solicit their justification for using these features or attributes to promote classroom discourse. I
present the results of this analysis according to the prevalent themes that emerged during my
analysis.
Questions/problems. Both teachers identified the questions and problems posed in the
student editions of their textbooks as their primary resource for planning their mathematical
discussion. However, when asked if they planned to use the questions exactly as written to
initiate discourse, both stated they would not. Instead, they would use the questions/problem
presented in the text as a guide for their questioning. For example,
Teacher A: I do not ask them the exact question. For me in a whole class setting it
would be like, Okay, what did you get for number one? Does anybody have anything to
add to number one? How do you feel about number one? What did you notice? So the
questions in the book help me to prepare for what I need to ask to make sure they
understood the problem.
This response by Teacher A indicates that instead of using the exact questions from the
textbook as prompts to generate discourse surrounding mathematical processes, she used them to
verify the accuracy of students’ answers.
Teacher B: I will read the question for the students and then ask, ‘What are they asking
you to find?’ or ‘Can you paraphrase that question?’ But will only do that if I think they
won’t understand the question before they try it. For this lesson, I will take some
questions from the book and have them try them on their own. Then, I will ask them what
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their answer is and then ask ‘how did you get it’ or something like that. You know, the
basic questions we ask.
Similar to Teacher A, Teacher B indicated that she does not pose exact questions from the
textbook verbally. Instead, she assigns a problem from the textbook for students to do as practice
and then poses her own questions related to the practice problem. In other words, both teachers
use the questions provided in the textbook as a guide for their own discourse prompts.
Task Context. The context in which a task was situated also emerged as a textbook
feature used by the teachers to plan for their classroom discourse. The use of the text for
planning in this way was used more prevalently by Teacher A than Teacher B. For example,
Teacher A used the context established at the beginning of AgileMind Intensified Algebra 1
lesson 13-2 to generate discussions that would help students connect the content to a real-world
situation. She described her use of this context to promote discourse in this way:
Looking at the application of driving while texting versus the response to an accident
when you’re not on the phone will generate a good conversation to get them to see that
there is a significant difference when somebody is on their phone. After we discuss the
context, I will use some of the questions embedded in the text like ‘how do the means of
these two situations compare? What about range? What does this lead you to believe?’
In this example, the lesson she refers to is a statistics lesson grounded in a task that
describes a group of researchers who are measuring the reaction time to a change in the driving
environment while writing a text message (AgileMind, 2017, p.535). She felt that discourse
would proceed naturally from the context of the task since texting and driving was a scenario to
which her students could relate. She determined that her task was to direct that discourse towards
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the mathematics by posing scaffolding questions that would connect the situation to the
mathematical concepts she wanted students to learn.
Trust in the text. Trust in the text emerged as a major theme related to the teachers’
justification for how they utilized the text during discourse planning. Each time they were asked
to provide the reasoning related to the way they used the text to plan discourse for a lesson, both
teachers referenced trust (or lack of trust) in the ability of the text to promote discussions that
would support the learning needs of their students. Interestingly, these references sometimes
seemed contradictory. Throughout the interviews, teachers would often explicitly state their
belief that the text posed excellent questions that would prompt discourse. However, a short time
later, they would explain that they needed to change or create their own questions because “the
questions in the text are too difficult for kids at this level.”
Student Ability. The second theme that emerged related to the teachers’ justification for
how they utilized the text during planning was student ability. Specifically, both teachers stated
that they had to either modify or exclude discussion prompts in the text based on the remedial
needs of their students.
Teacher A: I think if they [the students] were on a higher reading level I would use more
of the discussion prompts from the text. AgileMind does a good job of scaffolding
discussions, but I can’t use them all because they are going to have a hard time
understanding what some of the questions are asking. So, I have to simplify the questions
and when I do, some of the questions that were supposed to follow are no longer relevant.
This statement reflects Teacher A’s belief that some of the questions, discussion prompts,
and tasks provided in the textbook are beyond the reading and mathematics abilities of her
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students. This is especially notable considering that the textbook was intended to support the
learning needs of students at this remedial level.
Teacher B: Springboard lessons are based on real-world tasks. The chapter starts with
these scenarios and then jumps into asking questions without presenting the concepts
first. I think they are meant to have the student try to talk about their ideas and figure out
a way to solve them, but this is too hard for my remedial students. So, I teach the
concepts first, and then I use the tasks for real-world context, but instead of using the
questions in the book, I first ask them level one questions that I know they can get right
and then go to level and level three questions that can prompt more discussion.
Teacher B’s beliefs align with Teacher A’s beliefs that some of the questions, problems,
and tasks posed in the textbook are beyond the ability levels of her students. However, Teacher B
expresses a greater concern with the ability of the textbook to scaffold the questions in a way that
will support her students in reaching the level of confidence needed for them to engage in richer
discussions.
Post-observation interviews
Immediately following each observed lesson, I conducted a brief pre-observation interview.
These interviews provided participants with the opportunity to reflect on the discourse that took
place. They also solicited their evaluation of the effectiveness of the textbook in their preparation
for the discourse. I have organized the results of these post-observation interviews into two
categories: (1) evaluation of discourse and (2) evaluation of the textbook as a discourse planning
tool.
Evaluation of discourse. The most consistent theme that emerged from the analysis of
the post-observation interview transcripts was satisfaction with the level of discourse that
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occurred during the lesson. When asked to evaluate the discourse that occurred during the lesson
based on their discourse goals and planning, both teachers responded positively.
Teacher A: In this lesson, it was pretty much how I pictured. When they were adding the
numbers, and had problems and like new misconceptions, they talked about the with their
partner and the other person said, ‘Well, what I do is I add five number and then I write it
down’ So like there were little things that I heard from them that let me know they were
engaged in learning and giving advice. They also tried answering all of the questions I
asked when I called on them. Even if they didn’t get it right or said they didn’t know,
another student volunteered their answer.
Teacher B: I am pretty happy with the way the conversations went, even though the
students didn’t always know the answers. It gave me a chance to ask another student to
help or for me to explain the answer when no one got it right. When they were working in
pairs, I heard some students telling the other student how to do the problem. Several
asked me questions during the whole class discussion, so I was happy about that too.
In these reflections, both teachers indicated that two elements formed the basis of their
assessment of the discourse that occurred: (1) conversations they overheard between select
student pairs and (2) students asking the teacher questions about the content. For example,
Teacher A justified her satisfaction with the level of discourse that took place during the lesson
saying, “So, like there were little things I heard from them that let me know they were engaged
in learning and giving advice.” When I asked her to elaborate, she said that she overheard a
student providing a detailed explanation of how to do a practice problem she assigned after his
partner asked for help. She further justified her satisfaction by commenting that the students tried
to answer questions when she called on them. Teacher B provided similar justifications. She first
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mentions that when students were working in pairs, she overheard some students telling others
how to do the problem. She also says she was happy with the conversations because “several
students asked me questions.”
Both teachers felt that their students were engaged in the conversations and that the
discourse went according to their plan. However, despite being satisfied with the discourse
overall, both teachers acknowledged some common concerns, specifically related to the
reluctance of students to share their thoughts and ideas beyond providing an answer to a direct
question. The following statement from Teacher A is representative of these common concerns:
We have great discussions in my room, but I don't know if it's involving all of them. I
think all of them are listening, but I don't think all of them are using their own voice. So
that’s something for me to, like, think about and say, ‘Alright, how do I ensure that each
one his discussing?’ Well, I mean, I made each of them talk to me at least once, whether
that was one on one out loud to me in front of the class, or with a partner. But how do
you make sure that they're doing it [discussing] every time? You know, that's difficult. It
is also time-consuming.
Here, the teacher acknowledges that even though she heard some evidence that her
discourse goals had been met, she was unable to confirm the extent to which all students were
engaged in that discourse.
Evaluation of the textbook as a planning tool. When asked if, after reflecting on the
discussions that occurred during the observed lesson, they felt that the textbook was a valuable
tool for planning and facilitating discourse, both teachers consistently responded “yes.” They
based their justifications on the ability of the text to provide them with questions and contextual
tasks that either they would not have considered or that they did not have time to create
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themselves. Interestingly, both teachers also claimed that they felt some of the questions they
used as discussion prompts were “too hard for low-level students” and concluded that this
difficulty level was responsible for some of the students not answering questions or participating
in the discussion. When asked to reflect on their planning after facilitating the lesson, both
teachers remarked that they were satisfied with the way the textbook supported them in planning
for classroom discourse and would not change how they used it when planning for future lessons.
Classroom Observations
In this section, I present the results of the classroom discourse level analysis based on the
data gathered during classroom observations. I observed three AgileMind Intensified Algebra 1
lessons facilitated by Teacher A and two Springboard Algebra 1 lessons facilitated by Teacher
B. The purpose of this analysis was to determine the depth of the classroom discourse that
resulted from each teacher’s use of their corresponding textbook as a tool to plan for
mathematical conversations.
Table 20.
Observed Classroom Discourse Levels
TT A - AgileMind
Teacher
Discourse
Level
(Appendix C)
Level 0
Level 1
Level 2
Level 3
Overall level
of discourse
for lesson

Teacher B - Springboard

No. of
Occurrences
Topic 13-2
6
13
4
0

No. of
Occurrences
Topic 22-6
9
19
2
0

No. of
Occurrences
Topic 24-5
14
6
2
0

No. of
Occurrences
Lesson 30-1
8
9
2
0

No. of
Occurrences
Lesson 37-1
10
3
0
0

1

1

0

1

0

I measured the discourse level on a scale of 0 to 3 with Level 0 indicating limited
discourse involving students and Level 3 indicating immersion in and initiation of discourse by
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students (Hufford-Ackles, Fuson, and Sherin, 2014). The exact criteria for each level are
indicated on the instrument used to gather the data (Appendix C). To determine the overall
discourse level for each lesson observed, I identified the level with the highest number of
observed occurrences (Table 20).
Most of the mathematical conversations facilitated by both teachers occurred at Level 0
and Level 1 (44% of the total mathematical conversations observed occurred at Level 0 and 47%
occurred at Level 1). The Level 0 discourse I observed primarily involved the teacher asking a
question, a student providing a short answer-focused response, and the teacher responding to the
same student with correctness or by providing the answer. For example, the following
conversation occurred at the beginning of a graphing quadratic equations lesson (Springboard
Algebra 1, Lesson 30-1):
Teacher B: If y = mx + b, the number that is by itself has another name, what is it?
Student 1: y-intercept.
Teacher B: Yes! Good! (Teacher then proceeded to explain the connection between the yintercept and the vertex of a parabola).
The discourse observed at this level also often involved the teacher providing the correct
answer or procedure when a misconception was noted or implied the answer in a follow-up
question.
Teacher A: Based on the table given with the problem on page 274, is the function
Linear or quadratic?
Student 1: Linear.
Teacher A: Can someone else help her?
Student 2: Quadratic.
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Teacher A: Yes, it is quadratic.
Although the teacher did not directly provide the correct answer in this particular
exchange, she did so indirectly. The original question had two possible answers: linear or
quadratic. When the first student answered incorrectly, the teacher asked for someone else to
help– implying that the student’s answer was incorrect. Since there was only one other possible
answer, the teacher indirectly provided the correct answer.
Following this exchange, the teacher proceeded to remind students how to determine the
type of function that is represented by a table of values. It is also interesting to note that in this
case, the teacher’s question was a modification of a question posed in the student textbook. The
textbook question included a prompt for the student to justify their answer that the teacher did
not include (Figure 10).

Figure 10. Example of Original Question Modified by Teacher (AgileMind, p. 274).
The conversations I classified as Level 1 mathematical discourse included modest
attempts by the teacher to elicit student thinking. The teacher would ask a question like “how did
you know” or “how did you get your answer.” In response, students would give a brief
description of their process or procedure. The conversations occurred exclusively between the
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teacher and a single student. For example, the following exchange occurred after the teacher
assigned the class a practice problem that required them to find the median of a set of data
(Springboard Algebra 1, Lesson 37-1):
Teacher B: What was the median of the data?
Student: 4.5
Teacher B: Can you tell your friends how you found that?
Student: I put the numbers in order and crossed them out from each end one at a time
like you showed us.
Teacher B: When you crossed them out, did you end up with one number or two
numbers in the middle?
Student: Two numbers, four and five.
Teacher B: Why were there two numbers?
Student: Because there were an even number of numbers.
Teacher B: Good. How did you find the number between four and five?
Student: I added them together and divided by two.
Teacher B: Great job!
In this exchange, the teacher is the only one who asks questions and she directs the
student to talk to the class. However, the interaction is between the teacher and the students.
Very few of the discussions occurred at discourse levels above Level 1. In fact, only 9% of the
discourse observed could be classified as Level 2 discourse and there were no observed Level 3
discussions. All of the Level 2 discourse occurred as a result of cooperative learning tasks in
which teachers placed students in groups of two. This was in contrast to the Level 0 and Level 1
discourse which all occurred as whole class discussions. Following the opportunity to work
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through a problem or task with their partner, both teachers brought their students back together
as a class to discuss their findings. The following exchange is an example of the Level 2
discourse observed (AgileMind Intensified Algebra 1, Topic 13-2). Prior to this exchange, the
students were given a quadratic equation from the text and asked to work with a partner to find
the zeros of the function.
Teacher A: So now that you have had a chance to work on the problem with your
partner, who would like to share how you and your partner found the
zeros?
Student 1: Well, we set the equation equal to zero and solved for x.
Teacher A: Can you explain how you solved for x?
Student 1: First we combined x ! + x to get 2x2. Then we moved the number without the
x to the other side, divided by 2, and then took the square root to get the
answer.
Teacher A: Does anyone want to provide feedback? Did they do the problem
correctly?
Student 2: I don’t think so, but I am not sure. I thought you couldn’t combine x ! and x
because they were not like terms. I am confused.
Student 3: She’s right. You can’t do that. Remember? Ms. A taught us that before. We
got stuck on that to, so we looked at our books and saw something about
factoring, so we did that.
Teacher A: What did you do after you factored it?
Student 3: We didn’t do anything. We didn’t know what to do after that.
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This exchange differs from Level 1 discourse because the teacher probes a little more
deeply to learn about student thinking and promotes some discourse between students. Following
this exchange, Teacher A proceeded to ask Level 1 scaffolding questions (teacher question –
student response with some general answer justification) that led students to the Zero Product
Property. She then instructed them to work with their partners again to solve the problem.
In level 2 discourse, the teacher asks probing questions and facilitates some student-tostudent talk with prompting from the teacher (Hufford-Ackles, Fuson, & Sherin, 2014). Teacher
B also facilitated level 2 discourse two times. Both took place in the second observed lesson
(SpringBoard Algebra 1, lesson 30-1), and both occurred when students were assigned to
complete a problem or task with a partner. In this lesson, students learned to graph quadratic
equations using vertical and horizontal translations. One of the observed level 2 discourse
exchanges occurred towards the end of the lesson. Teacher B instructed the students to work in
pairs to complete a task that required them to construct the graph of a quadratic function using
both horizontal and vertical translations. The following exchange took place after a student
raised his hand to ask for Teacher B’s help.
Student 1: Ms. B, I don’t know if I did this right.
Teacher B: Did you consult your partner?
Student 1: Well, we compared answers, but the answers were different. They were close,
though. It’s just that my graph goes three to the right, and his graph goes three to the left.
We don’t know which one is correct.
Teacher B: Ok. So I will tell you that Student 2’s graph is drawn correctly.
Student 1: Then, I am confused as to why the graph went three to the left instead of three
to the right. The equation said (x+3)2. Since how many you move left or right is inside
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the parentheses, I moved the graph plus three, which means I should move it three to the
right.
Teacher B: Student 2, can you explain why you moved left and not right?
Student 2: Yeah. You are right about the inside the parentheses thing, but remember that
when it is inside the parentheses, you move in the opposite direction. Since this is a plus
three, it seems like you would move to the right because that is the positive direction, but
you actually move to the left.
Student 1: Oh yeah! I forgot about that!
In this exchange, the teacher facilitated student-to-student talk and elicited student
thinking through the justification of their processes. However, the teacher provided the correct
answer, and the teacher prompted almost all of the interaction between the two students. If
Teacher B had encouraged them to compare their processes without giving the correct answer
and allowed the students to come to a consensus regarding which answer was correct with less
prompting from the teacher, I might have coded the discourse as Level 3.
Summary of Qualitative Findings
The qualitative results presented here indicate that both Teacher A and Teacher B
consider discourse in their lesson planning process and that they utilize their textbooks as a
primary resource in that planning process. The discourse goals established by each teacher reveal
an emphasis on teacher-student exchanges but also include some student-student discourse while
during group work. However, classroom observation notes and post-observation interviews
indicate that the teachers primarily facilitated teacher-initiated discourse.
The teachers used the textbook for discourse planning in similar ways. Both mentioned
the tasks that provide real-word context, the questions, and the practice problems provided as the
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primary textbook features used in planning their classroom discussions. Both teachers touted
their respective textbooks as good resources for planning discourse and expressed their trust that
the questions provided in the text would naturally lead to productive mathematical discussions.
However, they sometimes criticized the questions posed in the text as too difficult for their
students. Consequently, the teachers sometimes modified the provided questions in order to
“simplify” them to meet their students’ needs and skill level.
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Summary of Results
This chapter contains the results of both the quantitative and qualitative analysis of this
mixed-methods study. The language of six chapters two standards-based student textbooks (three
chapters per textbook) were analyzed to provide insight into how the two textbooks might
present opportunity for the sharing of mathematical understanding through classroom discourse.
Additionally, two teachers of remedial Algebra 1 courses that utilized these textbooks were
interviewed to gain understanding of how they use the textbooks to plan and facilitate their
classroom discourse. Finally, classroom observations were conducted and analyzed to investigate
how the discourse that was planned using the textbooks was enacted. To facilitate my analysis
and aggregate my data, I combined the summarized results of the quantitative and qualitative
analyses in a single table (Table 21) organized according to the major themes that emerged
during analysis. I highlighted common findings in red.
Four themes resulting from this study provide an outline for how textbooks are used as
tools for planning and facilitating mathematical classroom discourse by teachers of remedial
Algebra 1 courses: (1) The exclusivity of the language of both textbooks that contradicts the
standards-based ideology that they subscribe to, (2) the heavy reliance of the teachers on the
textbooks to initiate, promote, and facilitate classroom discourse, (3) the view of classroom
discourse primarily as a traditional question-response exchange between teacher and student, and
(4) the enacted classroom discourse’s consistency with the language of the textbook and the
teachers’ use of them in planning their classroom discourse.
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Table 21
Summary of Results
Overall Inclusivity
or Exclusivity of
Text
Who controls the
knowledge?
Teacher Goals for
Discourse

How textbook was
used for planning

AgileMind Intensified Algebra 1

Springboard Algebra 1

Exclusive

Exclusive

Both student and textbook, but the
majority of knowledge is controlled by
the textbook.
- Student-generated questions
directed toward teacher
- Peer-to-peer discussions in
partnerships/groups
- Student-led, whole-class question
and answer
- Represent both traditional and
standards-based definitions of
mathematical discourse
- Teacher relied on questions in
text to initiate discourse.
- Context in which provided tasks
were placed used to make realworld connections to prompt
discourse.
- Some justification questions
included in text used to initiate
discourse.

Textbook controls knowledge

-

-

Teacher justification
for how they use the
textbook as resource
for planning
discourse

-

Observed discourse
level

Trust that discussions will
naturally evolve from the
questions posed in the text.
Modifications to questions and
discussion prompts based on
perceived difficulty for students
to understand
Too many questions, too little
time
1
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-

-

Student-generated
questions directed
toward teacher
Peer-to-peer discussions
in partnerships
Focus on correct answer
Represent primarily
traditional definitions of
mathematical discourse
Teacher relied on
questions in text to
initiate discourse.
Teacher initiated
questions regarding
vocabulary found in text
No justification
questions included in
text used to initiate
discourse.
Used only as a guide for
discussion; not used
exactly as written.
Used only as a guide
because the questions as
written are “too hard”
for intermediate level
students.
Text did a good job of
presenting higher level
questions.
Too many questions, too
little time
1

The results of this study highlight the continued difficulty teachers have in facilitating
meaningful and productive classroom discourse as defined in reform-based mathematics, and the
pivotal role the textbook plays in influencing that discourse. The use of CHAT as the theoretical
framework for this study brings to the forefront the contradictions and dissonances between and
among constructs (subject, object, mediating artifacts, community, rules, and division of labor)
that research surrounding mathematical discourse often overlooks. In this section, I discuss,
through the lens of Engström’s second-generation CHAT (1999), the conflicts identified in this
study and how they might affect the participants’ facilitation of classroom discourse (Figure 11).
As activity theory suggests, to understand how and why teachers plan and facilitate
mathematical discourse the way they do, it is important to look at the possible dilemmas and
contradictions, both implicit and explicit, that contribute to the activity system (facilitation of
meaningful mathematical discourse). In this study, three potential conflicts emerged. One
possible contradiction was between teachers (subject) and their roles (division of labor). The
results of the semi-structured interviews and the classroom observations conducted as part of this
research indicated that teachers felt conflicted with how to balance the content and the
discussion. Participants expressed concern that if they facilitated inquiry-based discourse to drive
student learning, they would be unable to address all of the content required by their school
district. As a result, teachers primarily focused on content questions and answers during
mathematical discussions rather than process and co-construction of knowledge.
A second potential conflict was between teacher (subject), time constraints, and student
ability (rules). Teachers expressed a lack of confidence that the remedial students’ ability would
not support the inquiry-based discussions touted by reform-based discourse standards (NCTM,
2000). Extant literature often refers to this as “dumbing down” the curriculum (Donnelly, 2014;

106

Gatto, 2002). The teachers also expressed their belief that there was not enough time to facilitate
more discovery-based discourse within the time constraints of the class period. The result was
the teachers’ frequent exclusion of questions that engaged students in higher-order questions and
tasks that required students to share their understanding of the mathematics and co-construct
knowledge.

Tools/Mediating Artifacts
Standards-based Textbooks
n

f
ns

a
Tr

io
at

Objective
Student-led
classroom
discourse
surrounding
textbook

Subject
Teachers

Rules
Time constraints, Student
ability, Textbook language,
Reform-based discourse
standards, I-R-E method

m
or

Outcome
Traditional
I-R-E
questioning
model

Community
Students enrolled in
Remedial Algebra 1

Division of Labor
Teachers as facilitators of
content, Teachers as
facilitators of classroom
discourse, Students as
participants in the
discourse community

Figure 11. CHAT Activity Triangle Representing Study Results.

To mediate these conflicts, participants turned to their textbooks as a tool to provide
guidance on how to plan and facilitate their classroom discourse effectively. However, this
created a third possible conflict – one between the textbook (tools) and the reforms-based
mathematical discourse standards (rules). Based on the results of the textbook analysis, the
language of the included chapters was primarily exclusive. This exclusivity indicates that the
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textbook promoted learning based on individual thinking and construction of knowledge and
understanding rather than the co-construction of knowledge through discourse amongst the
remedial Algebra 1 students (community). As a result, the participants’ planning for classroom
discourse centered primarily on which textbook questions they would discuss, and which might
to use as partner work. The outcome, consistent with the exclusivity of the textbook language,
facilitated discourse that focused primarily on student-teacher questioning and discussion. There
was minimal student-student discourse conducted, and the teachers’ identified discourse goals of
student-led discourse designed to co-construct mathematical knowledge were not attained.

108

Chapter 5: Discussion
Textbooks are widely acknowledged as a key tool in guiding teacher planning and
student learning (Chval, Chavez, Reys & Tarr, 2009). They serve as curriculum guides and as
resources for lesson sequencing, activities, and homework problems (Weiss, Banilower,
McMahon & Smith, 2001). Textbooks serve as a primary resource for teachers in determining
what they will teach and how they will teach it (Lloyd, Remillard, & Herbel-Eisenmann, 2011;
Remillard, 2005). But do teachers use textbooks as a resource to plan and facilitate classroom
discourse? If so, how? If not, why not?
The purpose of this mixed methods study was to explore the use of two standards-based
mathematics textbooks as tools to support teachers in their facilitation of mathematical classroom
discourse. Here, in keeping with the purpose of this study and its intended audience,
mathematical discourse is defined as dialogical discourse wherein students engage in verbal
discussions about math that requires them to vocalize their understanding of concepts through
the interchange of ideas and reasoning with their teachers and peers. Because this definition is
grounded in two-way communication, the terms discussion and conversation may be used
synonymously with the term discourse. This chapter includes a discussion of major findings as
related to the literature on teacher use of mathematics textbooks for classroom planning, the
effect of textbook language on students’ role in learning, and the use of mathematical discourse
as an instructional strategy. The chapter concludes with a discussion of the limitations of the
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study, recommendations for future research, and a brief summary. The following research
questions guided this study:
1. In what ways does the language of two standards-based Algebra 1 textbooks present
opportunity for the sharing of mathematical understanding through classroom
discussion?
2. How is a standards-based textbook used by two remedial Algebra 1 teachers in the

planning and execution of mathematical discussions related to daily lesson
objectives?
Interpretation of Findings
To facilitate the discussion of my interpretation of the findings presented in Chapter 4, I
organized this section according to three major themes: (a) textbook language, (b) teacher
planning for classroom discourse, and (c) teacher facilitation of classroom discourse. These three
themes highlight the combined role that both the textbook and the teachers’ discourse practices
play in how and why teachers use textbooks in preparation for mathematical classroom
discussions.
Using a CHAT lens, the findings presented in Chapter 4 reveal three major
conflicts related to the use of textbooks as a tool for planning and facilitating mathematical
discourse: (1) a conflict between the language of the textbooks and the reform-based standards
definition of mathematical discourse, (2) a conflict between the role of the teacher as a facilitator
of classroom discourse to co-construct knowledge and the perceived ability of their remedial
students, and (3) a conflict between the role of the teacher as a facilitator of classroom discourse
and as a facilitator of a predetermined curriculum. The impact each of these conflicts had on the
effectiveness of the two standards-based remedial Algebra 1 textbooks as tools to support
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teachers in the planning and facilitation of mathematical classroom discourse is presented in the
discussion that follows.
Textbook Language
Language choice can affect the roles, identities, and choices made by those involved in
any learning experience (Keane, 1999; Herbel-Eisenmann, 2007), and textbooks play a crucial
role in determining educational practice (Chval, Heck, Weiss & Zeibarth, 2012; Li, Zhang & Ma,
2009). Within mathematics education, textbooks are widely considered to be the primary
resource used for planning student learning (Chval, Chavez, Reys & Tarr, 2009; Reys, 2001).
Consequently, the language used by mathematics textbook authors to convey mathematical
values, concepts, knowledge, and authority might influence how teachers plan and facilitate
mathematical discourse within their classrooms. The findings of this study indicate that, despite
their authors’ intentions, both the AgileMind Intensified Algebra 1 and the Springboard Algebra
1 textbooks may not be written using language that promotes the use of mathematical discourse
as an instructional strategy. These results generally align with the results of Herbel-Eisenmann’s
2007 analysis of a Thinking with Mathematical Models (TMM) unit, which is part of the National
Science Foundation’s (NSF) Connected Mathematics Project (CMP). The AgileMind Intensified
Algebra 1 and the Springboard Algebra 1 textbooks, like the CMP curriculum materials, were
written to align with the vision of NCTM’s Standards. The questions and tasks included in the
texts are grounded within the real-world contexts that are presented at the beginning of each unit.
They often include questions that ask students to explain or justify their answers and are written
with both inclusive and exclusive imperatives. Despite the inclusion of these standards-based
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approaches, analysis of both texts included in this study reveal a written language that is
predominantly exclusive.
The use of exclusive language within a mathematics textbook implies that the reader need
only apply or carry out already established processes and procedures (Rotman, 2006). For
example, the predominant use of exclusive imperatives such as “find,” “solve,” “use,” and
“complete” used by both the AgileMind Intensified Algebra 1 and the Springboard Algebra 1
often placed the priority of mathematics learning on the answer, rather than the process. This
emphasis on answers is a common trait of traditional mathematics textbooks (National Center for
Education Statistics, 2003; Stigler & Hiebert, 2004), especially those used in remedial
mathematics classrooms (Baker, Czarnocha & Prabhu, 2004).
Textbook language can also position the learner within the mathematics community.
According to Rotman (1988), inclusive language within mathematics textbooks can position the
learner as a thinker – an active member of the mathematics community whose actions contribute
to the broader knowledge. Conversely, exclusive language within mathematics textbooks can
position the learner as a scribbler – a member of the mathematics community that works
independently from others in the community. Mathematicians must be both thinkers and
scribblers (Herbel-Eisenmann & Wagner, 2007). The predominance of exclusive imperatives in
both the AgileMind Intensified Algebra 1 units and the Springboard Algebra 1 units seems to
imply that both textbooks situate their readers as passive receivers of mathematical knowledge.
The frequent use of “you + verbs” also situates the authors as the controllers of knowledge by
“telling” readers what they know or what they have previously learned. Additionally, the
authors’ use of modal verbs such as “would” and “will” indicate that both texts represented a
strong, certain viewpoint of mathematics (Herbel-Eisenmann, 2007).
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In contrast to traditional mathematics textbooks that promote rote procedures and elicit
student understanding through the use of non-contextual, answer-focused problems (Handal,
2003), both the AgileMind Intensified Algebra 1 and Springboard Algebra 1 texts included in
this study posed a high number of contextual, process-focused questions characteristic of
standards-based curricula (National Council of Teachers of Mathematics, 2000). The textbook
authors used these questions as a means of engaging readers in mathematical inquiry that could
result in rich mathematical discussion depending on their use by the classroom teacher. The
juxtaposition of these questions and the exclusive language indicated by the use of imperatives,
second-person pronoun use, and modality seems to provide mixed messages to readers regarding
their role in the mathematical community. Are they expected to be passive receivers of
knowledge, or are they expected to be active members of the mathematical community?
Since resources such as textbooks influence teachers’ mathematical beliefs and values
(Handal, 2003), the seemingly contradictory values between the standards-based view of
mathematical discourse and the language choices identified in these two textbooks seemed to
affect the way the teachers used them in planning and facilitating mathematical discourse.
Use of Textbook by Teachers for Planning Classroom Discourse
The facilitation of productive discussions that serve to achieve mathematical goals and
promote student learning is challenging (Boerst, Sleep, Ball & Bass, 2011; Silver & Smith, 1996;
Stein, 2007). Teachers must be able to anticipate misconceptions, engage students in discourse,
and elicit their thinking through questioning and scaffolding to guide student-teacher and
student-student interactions (Smith & Stein, 2011). They must be able to pose tasks that are
focused on process rather than on answers to encourage students to confer with their peers
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(Bennet 2010; Boaler, 2004). In other words, planning is a critical aspect in orchestrating
productive mathematical discourse that deepens student learning.
Both participants in this study reported that they plan for their mathematical discussions
as part of their lesson planning process. Both teachers also reported that they use their textbook
as the primary resource for this planning. This finding aligns with studies by Lloyd, Remillard,
and Herbel Eisenmann (2011) and Remillard (2005), which indicate that textbooks serve as the
primary resource for mathematics lesson planning. Neither, however, utilized the teacher editions
of their textbooks. Instead, they indicated that they felt confident enough in the content to “not
need” the teacher edition and preferred to work from the text with which students would be
interacting.
Additionally, both teachers expressed confidence in the student text to pose questions that
would naturally promote the student-generated and student-to-student discussions they hoped to
achieve. Interestingly, both textbook publishers tout their instructor materials as valuable
resources to assist teachers in immersing their students in the content by providing electronic
simulations, formative assessments, common misconceptions, and guiding questions to help
elicit student thinking (AgileMind, n.d.; Collegeboard, 2019). Nevertheless, neither teacher
chose to take advantage of these materials. A study conducted by Taylor (2017) may offer one
possible explanation. In this study, Taylor noted that teachers’ use of curriculum materials ‘as-is’
decreases over time, especially as teachers become more experienced. Each of the participants in
this study is a veteran teacher who has been teaching the content for more than three years. As a
result, it is possible that these veteran teachers felt their knowledge of both the content and their
students outweighed the value that the teacher’s resources could offer.
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In alignment with the work of Rezat (2011), participants’ use of the textbook as a
discourse planning tool primarily focused on the questions, problems, and exercises presented in
the textbook. Additionally, participants reported that they often modified or excluded textbook
questions they planned to use to initiate discussions because they felt that some questions posed
in the text were too difficult for their remedial students. These modifications typically involved
reducing process-focused questions into answer-focused questions. Adaptation of the curricula is
not uncommon, especially amongst experienced teachers (Sherin & Drake, 2009) such as the
participants in this study. As teachers become more confident in their abilities and content
knowledge, they are more likely to edit the curriculum to meet what they perceive to be their
students’ needs (Taylor, 2013). However, transforming or eliminating questions related to
student processing and justification, as indicated in this study, are in stark contrast to the
literature that defines best practices for planning effective mathematical discourse (Chapin,
O’Conner & Anderson, 2009; Staples, 2007). These best practices for planning discourse include
preparing talk moves that allow students to apply their reasoning to someone else’s, preparing
questions that use student thinking to propel discussions (Chapin, O’Conner & Anderson, 2009),
and scaffolding the production of ideas (Staples, 2007). The results of the current study indicate
that the participants are using the textbook to plan classroom discussions that are more closely
aligned to traditional Initiate-Respond-Evaluate methods (IRE) (Mehan, 1979). These IRE
methods produce teacher-student interactions rather than the student-to-student and student
generated whole-class discourse advocated by Principles and Standards of School Mathematics
(NCTM, 2000) and standards-based reform efforts such as the Common Core State Standards
(Common Core State Standards Initiative, 2010).
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Teacher Facilitation of Classroom Discourse
The purpose of the classroom observations during this study was to compare the
mathematical discourse that actually occurred in the classroom to the discourse the teachers
planned. During each of the pre-observation interviews, both teachers indicated that they used
their textbook to select questions, tasks, and contexts that would promote student-to-student and
student-generated discussions. However, the observation results indicate that the two teachers
did not fully realize these types of discussions.
For most of the lessons observed, the teachers were the sole questioner and stood at the
front of the room for the majority of the class. Student participation involved answering teacher
questions that primarily focused on the answer to the problem. Once a student provided an
answer, the teacher either explained the answer or corrected it. The teachers rarely asked students
to justify their answers. This type of discourse structure corresponds to the lowest level and most
teacher-centered structure based on the study and framework developed by Hufford-Ackles,
Fuson, and Sherin (2004). Infrequently, the teachers would ask students to justify or explain their
answers. This solicitation of student thinking increased the level of discourse (Hufford-Ackles,
Fuson & Sherin, 2004), but still did not achieve the teachers’ discourse goals of student-tostudent and student-generated discussions. At least once during each lesson, the teachers placed
students in pairs. The student pairs were required to complete a problem together, allowing for
some student-to-student discussions as planned by the teacher. No student-initiated discussions
took place during the observations.
One possible explanation for this disconnect between the teachers’ discourse plans and
the observed discourse may be the questions chosen as discussion prompts. Walshaw and
Anthony (2008) stated: “the fact that teachers who have the intention of developing student
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understanding will not necessarily produce the desired effect” (p.539) without the proper
planning of activities that promote mathematical discussions. As indicated in the pre-observation
interviews and supported by the observations, both study participants chose questions from the
textbooks that solicited answers to mathematical problems assigned to students and questions
they believed their students would be able to answer easily. Instead of soliciting justification for
students’ answers, the two teachers most often supplied these justifications or corrected any
errors by explaining the correct method. These instructional choices are contrary to those
identified in the extant literature as producing productive mathematical discourse. For example,
Staples and King (2017) identify three key functions in facilitating meaningful mathematical
discourse: (1) eliciting student thinking, (2) supporting student-to-student exchanges about
mathematical ideas, and (3) guiding and extending the math. To accomplish this, teachers must
provide students with time to think, generate and work on expressing their ideas, encourage
students to engage and make sense of one another’s ideas, and provide tasks and questions that
allow students to extend mathematical thinking (Staples & King, 2017). Merely providing a
problem or task focusing on the problem and the steps required to complete the problem may
have prevented the type of discourse that each teacher hoped to achieve.
Many factors that may have contributed to the questioning and instructional choices made
by these two teachers. One major factor to considered is the textbooks that they used for
planning their discourse. As previously noted, the textbook units use to support these observed
lessons were written in primarily exclusive language that placed the reader in a passive role and
limited their conceptual agency (Herbel-Eisenmann, 2007). The textbook served as the
mathematical authority and assumed control of the construction of knowledge. Because
textbooks influence mathematical values and affect the way mathematics is taught, the two
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teachers in this study may have made their instructional choices to facilitate discourse based on
their interpretation of the mathematical values expressed by the language of the text.
Implications
With the adoption of the Principles and Standards for School Mathematics (NCTM,
2000), the field of education has placed a greater emphasis on the facilitation of productive
mathematical discussions that engage students as an active member of the mathematical
community (Silver, 2009). Since textbooks are the among the most influential elements in the
teaching and learning of mathematics (Chval, Chavez, Reys & Tarr, 2009), this study, which
explores the use of textbooks as a support in the facilitation of mathematical textbooks, has
important implications for both textbook development and mathematics education.
Implications for Textbook Development
The findings reported in this study highlight the importance of language choice in
supporting the productive mathematical classroom discourse advocated by the Principles and
Standards of School Mathematics (NCTM, 2000) and Principles to Actions: Ensuring
Mathematical Success for All (NCTM, 2014). Despite the curriculum developers’ dedication to
the goals of these standards, the AgileMind Intensified Algebra 1 and Springboard Algebra 1
textbooks sometimes reverted to traditional mathematics conventions.
Other studies have drawn similar conclusions. Using a comparable language analysis
framework, Herbel-Eisenmann explored the extent to which the student of Thinking with
Mathematical Models (TMM) (Lappan, Fey, Fitzgerald, Friel & Phillips, 1998) aligned with the
ideological goals established by the Professional Standards for Teaching Mathematics (1991).
These goals aimed to transfer authority away from the teacher and the textbook and toward
student mathematical reasoning and justification (Herbel-Eisenmann, 2007). As in the current

118

study, Herbel-Eisenmann determined that these standards-based materials achieved many of the
ideals put forth by standards-based reforms (such as capturing conceptual mathematical ideas
through contextual problem solving), but often reverted to conventional mathematics and
mathematics education discourse.
Based on these findings, textbook and curriculum developers committed to current
reform standards may want to consider language choice with more awareness. By including more
inclusive imperatives such as “explain,” “justify,” “share,” and “discuss,” authors can convey
mathematical values that place student reasoning and sharing of ideas through discourse at the
center of mathematical knowledge construction. Additionally, by minimizing the use of “you +
verbs” that tell students what they think or know and increasing the number of “you + hedged
verbs” as needed, developers can increase student agency (Hebel-Eisenmann, 2007; Morgan,
1996). Because textbooks and curricula serve as vehicles to communicate mathematical values to
the teacher (Remillard, 2011), increased awareness of and more intentional choices in the
language used by authors and curriculum developers can make textbooks a more valuable tool
for planning effective mathematical discourse.
Implications for Mathematics Education
Even for educators dedicated to the ideals set forth by standards-based reform, creating
discussion-based opportunities that promote student learning is challenging (Boerst, Sleep, Ball,
& Bass, 2011; Silver & Smith, 1996; Stein, 2007). Teachers must pose questions that require
high-level student thinking that initiate student-to-student and student-generated whole-class
discussions (Smith & Stein, 2011; Chapin, O’Conner, & Anderson, 2009).
Research posits that teachers utilize textbooks as their primary resource for lesson
planning (Chval, Chavez, Reys, & Tarr, 2009). However, the results of this study indicate that

119

their use of the textbook as a resource for planning mathematical discourse is not always
successful. Teachers often use textbooks as a source for questions, problems, and activities
(Weiss, Banilower, McMahon, & Smith, 2001). Yet, as this study implies, teachers do not
always use textbooks effectively for planning discourse. This revelation has implications for the
field of mathematics education, especially related to teacher professional development and
teacher preparation programs.
Implications for Professional Development. During the post-observation interviews
conducted as part of this study, the two participating teachers proclaimed their satisfaction that
the classroom discourse that took place during each lesson met their pre-defined goals. However,
the observation results challenge these reflections. The teachers established discourse goals that
included student-to-student and student-generated whole-class discourse as defined in standardsbased reform. Yet, the observations I conducted revealed the type of teacher-centered, teacherto-student discourse that is characteristic of a traditional mathematics teaching and learning
environment. A possible explanation for this apparent disconnect may be a lack of clarity
regarding what the type of discourse advocated by standards-based reform (such as Principles
and Standards for School Mathematics, 2001) looks and sounds like. As a result, professional
development writers and coordinators at both the school district and curriculum publisher levels
may want to consider workshops and courses designed to provide teachers with a deeper
understanding of the level of discourse required to help students develop stronger conceptual
connections to the content.
Researchers have demonstrated the effectiveness of professional development to enhance
teach discourse practices (Hufferd-Ackles, Fuson, & Sherin, 2004; Kiemer, Gröschner, Phemer,
& Seidel, 2015; Nathan & Knuth, 2003) Based on the results of the current study, these
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workshops and courses should not only develop a working definition of mathematical discourse,
but also include how to effectively plan for discourse using available resources, including the
textbook.
Implications for Teacher Preparation Programs. “Given the emphasis on
mathematical communication in the reform literature, it is important for teacher educators to (a)
be aware of teachers’ conceptions of communication as a vehicle for developing learners’
mathematical understanding, and (b) understand how they can help teachers develop practices
that foster mathematical communication” (Brendefur & Frykholm, 2000, p.125). Just as the
results of this study may provide professional development writers the impetus to support inservice teachers’ facilitation of effective mathematical discourse, it may also provide information
relevant to teacher preparation programs.
Colleges, universities, and alternative certification programs may want to consider the
results of this study when developing curriculum for math methods courses and other courses
related to the teaching and learning of mathematics. Teacher preparation programs may want to
consider providing explicit and intentional instruction on the importance of facilitating the type
of discourse described by standards-based reforms. They may also want to consider providing
their students the opportunity to practice planning for this type of discourse. In this way, teacher
preparation programs may more adequately prepare new teachers to facilitate effective
mathematical discourse that promotes the conceptual learning of mathematics and to avoid
reverting back to the traditional methods of teaching mathematics that many of them experienced
throughout their own education.
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Limitations
As with the majority of studies, the current study is subject to limitations. The
primary limitation to the generalization of this study is the sample size. I examined two
standards-based remedial Algebra 1 textbooks as used by two different teachers from two
different schools within the same school district. I selected a small sample size primarily as a
matter of convenience based on location and accessibility. The two standards-based textbooks
used were the designated textbooks for the eighth largest school district in the United States
(U.S.) and are widely utilized by many other school districts throughout the U.S. As such, a large
number of teachers use these textbooks. However, this limited sample is not representative of all
standards-based remedial Algebra 1 textbooks. Therefore, I must acknowledge that the study
results may have differed if I had chosen other textbooks.
Additionally, I only analyzed a total of five units within these textbooks (three in the
AgileMind Intensified Algebra 1 textbook and two in the Springboard Algebra 1 textbook) that
correlated to the observed lessons. These units may not have been representative of the overall
texts. Had I included additional units and observations, the study may have yielded slightly
different results. A final limitation of this study lies in the use of interviews.
What people say in an interview will indeed be shaped, to some degree, by the questions
they are asked; the conventions about what can be spoken about;……by what time they
think the interviewer wants; by what they believe he/she would approve or disapprove of
(Hammersley & Gomm, 2008, p.100).
In other words, due to a concern about possible judgment and perception regarding my
expectations, it is possible to call into question the truthfulness of the teacher responses during
their interviews.
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Recommendations for Future Research
How and why a teacher uses a textbook to plan mathematical classroom discourse
is multifaceted. As such, it is important to recognize that no single study could capture a
complete picture of this phenomenon. In this study, I explored the way two teachers currently
use their standards-based mathematics textbooks to plan discourse in their remedial Algebra 1
classrooms. The study results indicate how teachers may be using these resources to plan for
mathematical discourse and offers one possible explanation of why they use them the way they
do – textbook authors’ language choice. Several areas for future research on other targeted
factors could add to the findings of this study.
For example, a longitudinal study that incorporates a professional development
component may contribute to the understanding of how teacher education in discourse planning
using the textbook affects the way teachers execute their planning process. The current study
indicated that participants did not utilize the teacher’s edition nor other resources provided by
textbook publishers when planning their mathematical discourse. A study that explores the way
teachers use their textbooks for discourse planning after during and after participation in a
professional development course that exposes them to strategies in planning discourse using the
textbook may offer additional evidence to strengthen the conclusions drawn in the current study.
In 2004, Hufferd-Ackles, Fuson, and Sherin conducted a similar study indicating that ongoing
professional development related to facilitation of mathematical discourse had a positive effect
on a teacher’s ability to significantly increase the level of mathematical discourse within the
classroom over a year. Similarly, a study that incorporates a professional development module
related to the use of feedback as a tool to extend and deepen mathematical discourse might also
provide valuable information for mathematics supervisors, professional development developers,
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and instructional coaches. Classroom observation data compiled during the current study
revealed a deficit in the way the participants used question responses and feedback during
classroom discourse. A study that provides a training component and examines the effects of that
training may yield strategies that support teachers in using feedback to propel and extend
discourse rather than to evaluate or clarify individual student responses.
Since the participants of this study indicated that they often reduced the level of the
question prompts they chose to initiate mathematical discussions, a qualitative study that
explores teachers’ beliefs regarding the use of high-level mathematical discourse as an
instructional tool for remedial and struggling students would contribute to understanding why
teachers use textbooks for planning the way they do and if they might use them differently
depending on the level of students for whom they are designing the discourse.
In researching how a textbook might position the mathematics learner within the
classroom, Herbel-Eisenmann and Wagner (2007) suggested that a students’ experiences of
mathematics might differ if their textbooks did more to recognize persons, contexts, and
mathematization. Another angle to explore related to the current study, then, might be the
students’ perceptions of the textbook as a catalyst for them to share their thoughts, knowledge,
and ideas related to mathematics. A research question related to this type of study might be: “In
what ways does a standards-based, remedial Algebra 1 textbook encourage students to share
ideas and engage in mathematical discourse?” Understanding this relationship from a student’s
perspective would not only provide insight into how textbooks promote mathematical discourse,
but also may inform teacher choice when planning classroom discourse using the textbook.
To conduct this research, I examined select units from two standards-based textbooks as
used by two remedial Algebra 1 teachers. A longitudinal study that incorporates additional units

124

within each textbook using the methodology employed would expand the current results and
potentially uncover additional patterns in the authors’ language choice. Also, the inclusion of
additional standards-based textbooks and teachers from across the United States might provide
interesting results related to how a broader range of teachers use their textbooks in planning for
the type of mathematical discourse advocated in standards-based reform.
Final Remarks
Many factors influence mathematics classroom experiences. Among these are a teacher’s
ability to create a mathematical community in which students are taught not only to do math but
to become mathematicians. Part of teaching students to become a mathematician involves
developing the ability to think flexibly and communicate effectively. These characteristics are
also considered critical skills needed to succeed in today’s global, technological society.
However, creating this type of mathematical community is no easy feat. Teachers must
know not only content but also pedagogy. Teachers must be able not only to communicate
knowledge effectively but also to teach students to communicate their knowledge effectively. To
be successful, they must plan intentionally; considering not only the goals of the lesson but also
how to achieve them. Textbook publishers have gone to great lengths and expense to provide
teachers with resources to help guide them in their endeavor to create a classroom culture that
cultivates mathematicians based on the standards of practice outlined by professional
organizations such as NCTM.
However, the results of this study indicate that these standards-based textbook publishers
are not always successful in supporting teachers’ efforts to facilitate the type of discourse
advocated by NCTM and other standards-based reform authorities. Although there is an
institutional conversation extolling the importance of rich classroom discourse in deepening
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students’ mathematical knowledge and ability that has led to an increase in the use of
mathematical discourse as an instructional strategy, the results of this study indicate that there is
still much work to be done.
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Appendix A: Teacher Background Survey
*1. Please provide your name (this will not be published - you will remain anonymous in all
study reporting)

*2. Please provide your school (this will not be published - you will remain anonymous in all
study reporting)

*3. How many years have you been teaching?

*4. How many years have you been teaching Intensified Algebra?

*5. How many times a day do you teach Intensified Algebra?

*6. Please describe the demographics of your Intensified Algebra Students.
•
•
•
•
•
•
•
•
•
•

Total Number of Students
Total Number of Male Students
Total Number of Female Students
Total Number of White Students
Total Number of Hispanic Students
Total Number of Black Students
Total Number of Asian Students
Total Number of ELL Students
Total Number of Low SES Students (those on free and reduced lunch)
Total Number of ESE Students

*7. How many years have you been using mathematical discourse as an instructional practice?

*8. How do you define mathematical discourse?
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*9. How often do you use mathematical discourse as a teaching/learning strategy? (Choose one)
•
•
•
•
•

Daily
Three or more times a week
Once or twice a week
Occasionally
Other (please specify)

*10. Do you use the textbook/online instructional resources in the daily planning of your
Intensified Algebra lessons?
•
•

Yes
No

*11. How often do you use the textbook/online instructional resources in the daily planning of
your Intensified Algebra lessons? (Choose one).
•
•
•
•
•
•

Daily
Three or more times a week
Once or twice a week
Occasionally
Never
Other (please specify)

*12. Do you plan mathematical discussions/ conversation prompts? (Choose one).
•
•
•
•
•

Yes. I plan mathematical discussions / conversation prompts using the textbook as a guide.
Yes. I plan mathematical discussions / conversation prompts using resources other than the
textbook as a guide.
Yes. I plan mathematical discussions / conversation prompts using both the textbook and other
resources as guides.
No. I do not plan mathematical discussions / conversation prompts. I prefer to let them occur
naturally.
Other (please specify)
NEW QUESTION
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Appendix B: Interview Protocols
Teacher Name

Date_____________

School

Textbook_______________
Interview Protocol for Pre-Observation (Planning)

Questions for discussion:
1. What lesson will you be teaching?

2. What do you want the students to understand?

3. Will the students work in groups, individually, or as a large group?

4. What are your goals for the types of discussions you would like to facilitate during
the lesson?

5. In what ways did you use the textbook to plan your classroom discourse? Why?

6. Did you use any additional materials in the planning of your classroom discussion?
Why did you choose these materials?
7. How will you determine if your classroom discourse goals are met?

8. Is there anything else you would like to share about your planning process for
the mathematical discussions you will facilitate during this lesson?

148

Teacher Name

Date_____________

School

Textbook_______________
Interview Protocol for Post-Observation

Questions for discussion:
1. What is your opinion of the discourse related to the lesson?
a. In what ways did the level of discourse meet or fall short of your expectations?
b. In what ways did the conversations follow your discourse plan? If they did
not follow your discourse plan, why?
c. Do you feel that the discourse helped the students to better understand
the concept(s)? In what ways? How do you know?

2. In what ways do you feel that the textbook contributed to or detracted from
the mathematical discourse?

3. In reflecting on your planning of the mathematical conversations for this lesson,
would you have utilized the textbook differently? Why or Why not? In what ways?

4. Do you feel that the textbook was a useful tool in the planning and facilitation of
the mathematical discussions for this lesson?
a. In what ways?

5. Is there anything else you would like to share about your facilitation of
mathematical discussions during this lesson?
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Appendix C: Observation Instrument

Date of Observation______________________ Teacher____________________
School_____________________ Lesson Topic____________________

Teacher
role
Level 0

Teacher is at the
front of the
room and
dominates
conversation.

Teacher is the only
questioner. Questions
serve to keep students
listening to teacher.
Students give short
answers and respond
to teacher only

Teacher role

Questioning

Teacher
encourages the
sharing of math
ideas and directs
speaker to talk
to the class, not
to the teacher
only.

Teacher questions
begin to focus on
student thinking and
less on answers. Only
teacher asks questions.

# of
observations
and scripting

Level 1

Questioning

# of
observations
and scripting
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Explaining mathematical
thinking
Teacher questions focus on
correctness. Students provide
short answer- focused
responses. Teacher may give
answers.

Explaining mathematical
thinking
Teacher probes student
thinking somewhat. One or
two strategies may be elicited.
Teacher may fill in
explanation. Students provide
brief descriptions of their
thinking in response to teacher
probing

Teacher
role

Level 2

Teacher
facilitates
conversation
between
students and
encourages
students to ask
questions of one
another.

Questioning

Teacher asks probing
questions and
facilitates some
student-to-student
talk. Students ask
questions of one
another with
prompting from
teacher.

Explaining mathematical
thinking

Teacher probes more deeply to
learn about student thinking.
Teacher elicits multiple
strategies. Students respond to
teacher probing and volunteer
their thinking. Students begin
to defend their answers.

# of
observations
and scripting

Level 3

Teacher role

Questioning

Students carry
the conversation
themselves.
Teacher only
guides from the
periphery of the
conversation.

Student-to-student talk
is student initiated.
Students ask questions
and listen to
responses. Many
questions ask “why”
and call for
justification.

Explaining mathematical
thinking

Teacher follows student
explanations closely. Teacher
asks students to contrast
strategies. Students defend and
justify their answers with little
prompting from their teacher.

# of
observations
and scripting

Adapted from Hufford-Ackles, Funson, and Sherin (2014).
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Appendix E: University of South Florida IRB Approval
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On 3/20/2019, the Institutional Review Board (IRB) determined that your research meets criteria
for exemption from the federal regulations as outlined by 45 CFR 46.104(d):
(2) Research that only includes interactions involving educational tests(cognitive, diagnostic,
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